Studies on citrate and malate metabolism in Lycopersicon esculentum. by Jeffery, David
        
University of Bath
PHD








Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.
            • Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
            • You may not further distribute the material or use it for any profit-making activity or commercial gain
            • You may freely distribute the URL identifying the publication in the public portal ?
Take down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.
Download date: 22. May. 2019
S tu d ie s  on C i t r a t e  and M alate  M etabolism  in  L y co p e rs ico n  escu len tum
su b m itte d  by David J e f f e r y  
f o r  th e  d eg ree  o f îh .D .  
o f th e  U n iv e r s i ty  o f B ath
1985
COPYRIGHT
" A tte n t io n  i s  drawn to  th e  f a c t  t h a t  c o p y r ig h t  o f t h i s  t h e s i s  r e s t s  
w ith  i t s  a u th o r .  T h is copy o f th e  t h e s i s  h as  been  su p p lie d  on 
c o n d i t io n  t h a t  anyone who c o n s u lts  i t  i s  u n d e rs to o d  to  re c o g n ise  
t h a t  i t s  c o p y r ig h t r e s t s  w ith  i t s  a u th o r  and th a t  no q u o ta tio n  
from  th e  t h e s i s  and no in fo rm a tio n  d e r iv e d  from i t  may be p u b lish e d  
w ith o u t th e  p r io r  w r i t t e n  co n sen t o f th e  a u th o r " .
"T h is  th e s i s  may be made a v a i la b le  f o r  c o n s u l t a t io n  w ith in  th e  
U n iv e r s i ty  l i b r a r y  and may be p h o to co p ied  o r  l e n t  to  o th e r  
l i b r a r i e s  f o r  th e  purpose o f c o n s u l t a t i o n " .
ProQuest Number: U362743
All rights reserved
INFORMATION TO ALL USERS 
The quality of this reproduction is dependent upon the quality of the copy submitted.
In the unlikely event that the author did not send a complete manuscript 
and there are missing pages, these will be noted. Also, if material had to be removed,
a note will indicate the deletion.
uest.
ProQuest U362743
Published by ProQuest LLC(2015). Copyright of the Dissertation is held by the Author.
All rights reserved.
This work is protected against unauthorized copying under Title 17, United States Code.
Microform Edition © ProQuest LLC.
ProQuest LLC 
789 East Eisenhower Parkway 
P.O. Box 1346 
Ann Arbor, Ml 48106-1346
Acknowledgements
I  would l i k e  to  th a n k  b o th  my s u p e rv is o rs  P ro fe s s o r  P .D .J .  Weitzman 
and D r. P.W. Goodenough, f o r  t h e i r  in v a lu a b le  a s s i s ta n c e  and 
g u idance  th ro u g h o u t th e  e n t i r e  p r o je c t ;  in  p a r t i c u l a r ,  I  found t h e i r  
su g g e s tio n s  and c r i t i c i s m s  d u rin g  th e  'w r i t e  up ' most h e l p f u l .
I  would a l s o  l i k e  to  th a n k  a l l  f r ie n d s  and c o lle a g u e s  in  
la b o ra to ry  3 0 6  f o r  t h e i r  h e lp  and a s s i s ta n c e  th ro u g h o u t th e  th r e e  
y e a r s .
I  am in d e b te d  to  C h ris  Sm ith o f th e  S chool o f  A g r ic u l tu r e ,  
U n iv e r s i ty  o f N ottingham , S u tto n  B onning ton , f o r  a llo w in g  me to  
rep ro d u ce  th e  d a ta  on pages ^2 , 53> 55? 60 and 61 .
F in a l ly ,  I  th a n k  th e  SERC and AFRC f o r  a R esearch  C o u n c il 
C o o p e ra tiv e  Award S tu d e n ts h ip  and e x p re s s  my g r a t i tu d e  to  th e  
Long A shton R esearch  S ta t io n  f o r  p ro v id in g  r e s e a r c h  f a c i l i t i e s .
To A n n ie .
A l l  th o se  y e a rs  o f im pecun iousness were w orth  i t ,  w e re n 't  th e y  lu v ?
A bbreviations
The m a jo r i ty  o f  th e  a b b re v ia t io n s  u sed  in  t h i s  t h e s i s  a r e  th o se  
recommended in  th e  B iochem ical S o c ie ty  p lu b l i c a t io n :  P o l ic y  o f th e
J o u rn a l  and I n s t r u c t io n s  to  A u th o rs , B iochem ical J o u rn a l  (1984)
217, PP 1- 26 .
N on-S tandard  A b b re v ia tio n s
MOBS M o rpho linop ropanesu lphon ic  a c id
BICINE N, N -b is  (h y d ro x y e th y l)  g ly c in e
PEG p o ly e th y le n e  g ly c o l
PVP P o ly v in y lp y rro lid o n e
PIM P e r c o l l  p u r i f i e d  m ito ch o n d ria
TPP Thiam ine py rophosphate
TEMED N,N, N*, N’ T e tra m e th y le th y le n e  Diamine
L is t  o f Contents
Page
I n t r o d u c t io n .  1
O rig in  c l a s s i f i c a t i o n  and anatomy c f  th e  tom ato  f r u i t . 1
B iochem ical and p h y s io lo g ic a l  changes a s s o c ia te d  w ith
r ip e n i n g . 4
The b io c h e m is try  and r e g u la t io n  o f th e  r ip e n in g  p ro c e ss  . 7
R eta rd ed  r e s p i r a t i o n  a s  a method f o r  c o n t r o l l i n g  tom ato 
r ip e n in g .  13
O rganic a c id  l e v e l s  d u r in g  tom ato r ip e n in g .  14
P o s s ib le  ro u te s  o f  c i t r a t e  and m a la te  m e ta b o lism . 16
Mechanism o f c i t r a t e  accu m u la tio n  in  o th e r  organ ism s . 18
Mechanism o f c i t r a t e  and m a la te  accu m u la tio n  in  L . e sc u le n tu m . 19
Aims o f th e  in v e s t ig a t io n  . 20
M a te r ia ls  and m ethods . 22
E x p erim en ta l tre a tm e n t o f  f r u i t  -  s to r a g e  e x p e r im e n t. 24
T reatm ent o f  f r u i t  in  exp erim en ts  w ith  o r w ith o u t e th y le n e  . 25
P re p a ra t io n  o f c rude  e x t r a c t s  . 25
E th an o l e x t r a c t io n  o f c i t r i c  and m a lic  a c id  . 26
C i t r i c  a c id  d e te rm in a tio n  . 26
M alic a c id  d e te rm in a tio n  . 27
C h lo ro p h y ll e s t im a t io n  . 28
P ro te in  e s t im a t io n  .  28
Enzyme a s s a y s :  c i t r a t e  s y n th a s e , m a la te  dehydrogenase and 
NALP-linked m a lic  enzyme . 29
NAD-1inked m a lic  enzyme, NAD-linked i s o c i t r a t e  dehydrogenase 
and NADP-linked i s o c i t r a t e  dehydrogenase . 30
L a c ta te  dehydrogenase , NADP-linked g ly c e ra ld e h y d e  3 -phosphate  
dehydrogenase and g ly c o l l a t e  o x id ase  . 31
S u c c in a te  dehydrogenase , p y ru v a te  a n d o c -c x o g lu ta ra te  
dehydrogenase . 32
Page
M olecu la r w eigh t e s t im a t io n  hy g e l  f i l t r a t i o n .  33
C a lc u la t io n  o f v o id  volum e. 33
E le c tr o p h o r e s i s ;  SDS p o ly ac ry lam id e  g e l  e l e c t r o p h o r e s i s .  33
N o n -d en a tu rin g  p o ly ac ry lam id e  g e l  e l e c t r o p h o r e s is  . 34
P re p a ra t io n  o f  m a te r ia l  f o r  s u b - c e l l u l a r  s e p a r a t io n .  35
S u b - c e l lu la r  l o c a l i s a t i o n  u s in g  P e r c o l l  g r a d i e n t s . 36
C ontinuous and d is c o n tin u o u s  p re -fo rm ed  g ra d ie n ts  . 37
G rad ien t f r a c t i o n a t i o n .  37
E s tim a tio n  o f  p r o te in  in  g r a d ie n t  f r a c t i o n s  . 38
C r i t e r i a  f o r  e s t a b l i s h in g  m ito c h o n d r ia l  i n t e g r i t y . 38
C i t r a t e  sy n th a se  p u r i f i c a t i o n  p ro c e d u re s . 39
DEAE S e p h a c e l, 39
Use o f dyem atrex k i t  in  c i t r a t e  sy n th a se  b in d in g  s tu d y .  39
Amicon Red A g e l  p ro ced u re  . 40
P u r i f i c a t i o n  o f  c i t r a t e  sy n th a se  u s in g  A T P -S epharose . 41
P u r i f i c a t i o n  o f c i t r a t e  sy n th a se  and m a la te  dehydrogenase 
u s in g  i s o - e l e c t r i c  f o c u s s in g .  41
S e p a ra tio n  o f m a la te  dehydrogenase from  l a c t a t e  dehydrogenase 
u s in g  f a s t  p r o te in  l i q u id  ch ro m a to g rap h y . 43
R e s u l t s . 44
B iochem ical and p h y s io lo g ic a l  ex p erim en ts  on whole tom ato 
f r u i t  s to r e d  in  a m o d ified  gas atm osphere  ( l )  . 46
B iochem ical and p h y s io lo g ic a l  ex p erim en ts  on whole tom ato 
f r u i t  s to r e d  in  th e  p resen ce  and ab sen ce  o f e th ÿ lè n è  (2) . 54
B iochem ical changes a s s o c ia te d  w ith  r ip e n in g  in  th e  r i n
tom ato m u ta n t. 59
P u r i f i c a t io n  o f c i t r a t e  sy n th a se  . 64
A T P-Sepharose. 66
C i t r a te  sy n th ase  -  e s t im a t io n  o f M  ^ by g e l  f i l t r a t i o n  . 67
Page
D e te rm in a tie n  o f p u r i ty  and s u b -u n i t  M^. 7I
pH p r o f i l e  o f  p u r i f i e d  c i t r a t e  s y n th a s e . 77
Therm al s t a b i l i t y  s tu d ie s  on p u r i f i e d  c i t r a t e  s y n th a s e . 77
A c tiv a t io n  o f  p u r i f i e d  c i t r a t e  sy n th a se  by in d o le  a c e t i c
a c i d .  80
I n l i ib i t io n  o f p u r i f ie d  c i t r a t e  sy n th a se  by DTNB. 80
K in e t ic  p r o p e r t ie s  o f p u r i f i e d  c i t r a t e  s y n th a s e . 84
I n i i ib i t io n  o f p u r i f i e d  c i t r a t e  sy n th a se  by ad en in e  n u c le o t id e s .  86
M alate  d eh y d ro g en ase . 86
D e te c tio n  o f  NAD-linked i s o c i t r a t e  d eh y drogenase , NAD-linked 
m a lic  enzyme and p y ru v a te  and o u -o x o g lu ta ra te  dehydrogenases 
i n  L . e scu le n tu m . 97
N A D -iso c itra te  dehydrogenase and NAD-linked m a lic  enzyme . 99
S u b - c e l lu la r  f r a c t io n a t io n  o f  f r u i t  from  L .escu len tu m  . 103
G ra d ie n t s t a n d a r d i s a t i o n . 103
P re p a ra t io n  o f g ra d ie n t  sam ples . IO4
M ito c h o n d ria l f r a c t i o n a t i o n . IO4
C h lo ro p la s t f r a c t i o n a t i o n . 109
E xam ination  o f i s o la te d  m ito c h o n d ria  . 113
Changes in  s p e c i f i c  a c t i v i t y  o f c i t r i c  a c id  c y c le  enzymes
from P e r c o l l  p u r i f i e d  m ito ch o n d ria  a t  d i f f e r e n t  s ta g e s
o f  r i p e n i n g . 117
A n a ly s is  o f enzyme s p e c i f i c  a c t i v i t y  from  p u r i f i e d
m ito ch o n d ria  e x t r a c te d  from r ip e n in g  tom ato  f r u i t
c v . S a r in a  . 124
The s p e c i f i c  a c t i v i t y  of c i t r i c  a c id  c y c le  enzymes from  
th e  m ito ch o n d ria  o f tom ato  f r u i t  c v . M arathon s to r e d  in  
a m o d ified  gas atm osphere . 129
I n v e s t ig a t io n  o f changes in  th e  s p e c i f i c  a c t i v i t y  o f  c i t r i c  
a c id  c y c le  enzymes from th e  m ito ch o n d ria  o f im m ature tom ato  
f r u i t  . 143
D isc u ss io n  . 152
R efe ren ces  . I 7 I
P u b lic a t io n s  . ^78
L is t  o f  I l lu s t r a t io n s
F ig»  Page
1 . Changes in  s p e c i f i c  a c t i v i t y  o f  c i t r a t e  s y n th a se  and 
c i t r a t e  c o n c e n tr a t io n  in  s to r e d  tom ato  f r u i t »  48
2 . Changes in  s p e c i f i c  a c t i v i t y  o f  NADP-linked m a lic  enzyme 
and m a la te  c o n c e n tra t io n  in  s to r e d  tom ato  f r u i t .  50
3 . Changes in  s p e c i f i c  a c t i v i t y  o f m a la te  dehydrogenase
in  s to r e d  tomato f r u i t .  5 I
4 . Changes in  s p e c i f i c  a c t i v i t y  o f  p o ly g a la c tu ro n a s e  and
a c id  in v e r ta s e  in  s to r e d  tom ato f r u i t .  52
5 . V a r ia t io n  in  th e  c o n c e n tr a t io n  o f c h lo ro p h y l l  and 
ly copene  in  s to r e d  tom ato  f r u i t .  53
6» E th y len e  e v o lu tio n  from  s to r e d  tom ato  f r u i t »  55
7 . Changes in  th e  a c t i v i t y  o f c i t r a t e  s y n th a se  in  tom ato 
f r u i t  h e ld  in  th e  p resen ce  o r  absence  o f  e th y le n e »  57
8 . Changes in  a c t i v i t y  o f  m a la te  dehydrogenase  in  tom ato 
f r u i t  h e ld  in  th e  p re sen ce  o r  absence  o f  e th y le n e »  58
9» Changes in  th e  s p e c i f i c  a c t i v i t y  o f  p o ly g a la c tu ro n a se  
and a c id  in v e r t a s e  in  tom ato f r u i t  h e ld  in  th e  p re sen ce  
o r absence o f  e th y len e»  60
10 . Changes in  th e  c o n c e n tr a t io n  o f  c h lo ro p h y l l  and lycopene 
in  tom ato  f r u i t  h e ld  in  th e  p re sen ce  o r ab sence  o f 
e th y le n e • 61
11 . Changes in  s p e c i f i c  a c t i v i t y  o f c i t r a t e  s y n th a se  and 
c i t r a t e  c o n c e n tra t io n  in  r i n  tom ato  f r u i t .  62
12 . Changes in  s p e c i f i c  a c t i v i t y  o f m a la te  dehydrogenase and 
m a la te  c o n c e n tr a t io n  in  r i n  tom ato  f r u i t  » 63
1 3 . E lu t io n  p r o f i l e  o f  c i t r a t e  sy n th a se  from  M atrex G el
Red A . 69
1 4 . E lu t io n  p r o f i l e  o f c i t r a t e  sy n th a se  from S e p h a c ry l S -200 . 70 
1 5 » E lu t io n  p r o f i l e  o f  m arker p ro te in s  from  S e p h a c ry l S -2 0 0 . 72
16 . E s tim a tio n  o f c i t r a t e  sy n th a se  M^. 73
1 7 . G el scan  o f p u r i f i e d  c i t r a t e  s y n th a s e .  75
F i g o  P a g e
18» E s tim a tio n  o f  c i t r a t e  sy n th a se  s u b -u n i t  M^„ 76
1 9 » E f f e c t  o f  pH on c i t i a t e  sy n th ase  a c t i v i t y » 78
2 0 . Therm al in a c t iv a t io n  o f  p u r i f i e d  c i t r a t e  s y n th a s e .  79
2 1 . Therm al i n a c t iv a t io n  o f  c i t r a t e  sy n th a se  in  th e  p re sen ce
o f  c i t r a t e .  81
2 2 . Therm al i n a c t iv a t io n  o f  c i t r a t e  sy n th a se  in  th e  p re sen ce
o f  i s o c i t r a t e .  82
2 3 » Therm al i n a c t iv a t io n  o f c i t r a t e  sy n th a se  in  th e  p re sen ce
o f  acety l-C oA  and o x a lo a c e ta te .  83
2 4 » I n h ib i t i o n  o f  c i t r a t e  sy n th a se  by DTNBp 85
2 5 . I n h ib i t io n  o f  c i t r a t e  sy n th a se  by ATP w ith  r e s p e c t  to
ace ty l-C o A . 87
26 . I n h ib i t i o n  o f  c i t r a t e  sy n th a se  by ATP w ith  r e s p e c t  to
o x a lo a c e ta te .  88
2 7 * C o -e lu tio n  o f  c i t r a t e  sy n th a se  and m a la te  dehydrogenase
from M atrex Gel Red A. 90
2 8 » P a r t i a l l y  p u r i f i e d  m a la te  dehydrogenase » 91 ^
29 . P u r i f i e d  m a la te  dehydrogenase 93
30 .  E s tim a tio n  o f  m a la te  dehydrogenase s u b - u n i t  M^. 94
3 1 . R e s o lu tio n  o f m a la te  dehydrogenase isoenzym es on non­
d e n a tu r in g  p o ly acry lam id e  g e l .  95
3 2 . R e so lu tio n  o f  m a la te  deh^’-drogenase isoenzym es by i s o ­
e l e c t r i c  fo c u ss in g »  96
33 . E s tim a tio n  o f m a la te  dehydrogenase M^, 98
34. D iagram m atic r e p r e s e n ta t io n  o f  P e r c o l l  g ra d ie n t
s ta n d a r d i s a t io n .  IO5
35* P i c t o r i a l  d is p la y  o f P e rc o l l  g r a d ie n t  s t a n d a r d i s a t io n .  106
3 6 . M ito c h o n d ria l oxygen u p ta k e . 107
37» P ro to c o l f o r  p re p a ra t io n  o f p e r ic a r p  t i s s u e  p r io r  to
s u b - c e l l u la r  f r a c t i o n a t io n .  IO8
38 . M ito c h o n d ria l p u r i f i c a t i o n  on a P e r c o l l  g r a d ie n t .  110
F ig .  Page
39» L o c a l is a t io n  o f  enzynie a c t i v i t y ( s u c c in a t e  d eh y d ro g en ase , 
g ly c o l l a t e  o x id a se , c i t r a t e  sy n th a se  and m a la te  
dehydrogenase) u s in g  a d isc o n tin u o u s  P e r c o l l  g r a d i e n t .  I l l
4 0 . L o c a l is a t io n  o f  enzyme a c tiv ity (N A D -lin k e d  m a lic  enzyme, 
c i t r a t e  sy n th a se  and NAD-linked i s o c i t r a t e  d eh yd rogenase) 
u s in g  a d isc o n tin u o u s  P e r c o l l  g r a d ie n t .  112
4 1 . C h lo ro p la s t  p u r i f i c a t i o n  on a P e r c o l l  g r a d ie n t .  I I 4
4 2 .  L o c a l is a t io n  o f enzyme a c tiv ity (N A D P -lin k ed  
g ly c e ra ld e h y d e  3-p h o sp h a te  d ehyd rogenase , c i t r a t e  
sy n th a se  and NAD-linked i s o c i t r a t e  d eh y d ro g en ase . 115
4 3 .  L atency  o f  enzyme a c t i v i t y  in  P e r c o l l  p u r i f i e d  
m ito c h o n d r ia . 116
44» C h lo ro p h y ll and c a ro te n o id  c o n ta m in a tio n  o f c rude  and
P e rc o l l  p u r i f i e d  m ito c h o n d r ia . 118
45» S u h - c e l lu la r  f r a c t i o n a t io n  o f m atu re  g re e n  S o n a t in e .  121
4 6 . S u b - c e l lu la r  f r a c t io n a t io n  o f r ip e  S o n a tin e .  122
47» Changes in  s p e c i f i c  a c t i v i t y  o f c i t r a t e  sy n th a se
e x t r a c te d  from  th e  p u r i f i e d  m ito ch o n d ria  o f  r ip e n in g  
tom ato f r u i t  c v . S a r in a .  132
4 8 . Changes in  s p e c i f i c  a c t i v i t y  o f m a la te  dehydrogenase 
e x t r a c te d  from  th e  p u r i f i e d  m ito ch o n d ria  o f r ip e n in g  
tom ato f r u i t  c v . S a r in a .  133
49» Changes in  s p e c i f i c  a c t i v i t y  o f  NAD-linked i s o c i t r a t e  
dehydrogenase e x t r a c te d  from  th e  p u r i f i e d  m ito c h o n d ria  
o f r ip e n in g  tom ato f r u i t  c v . S a r in a .  134
5 0 . Changes in  s p e c i f i c  a c t i v i t y  o f  NAD-linked m a lic  enzyme 
e x t ra c te d  from  th e  p u r i f i e d  m ito ch o n d ria  o f r ip e n in g  
tom ato f r u i t  c v . S a r in a .  135
5 1 . Changes in  s p e c i f i c  a c t i v i t y  o f  c i t r a t e  s y n th a s e ........................
e x t r a c te d  from th e  p u r i f i e d  m ito c h o n d ria  o f s to r e d
tom ato f r u i t  c v . M arathon . 136
5 2 . Changes in  s p e c i f i c  a c t i v i t y  o f  m a la te  dehydrogenase 
e x t r a c te d  from  th e  p u r i f i e d  m ito ch o n d ria  o f  s to r e d
tom ato f r u i t  c v . M arathon . 137
5 3 . Changes in  a c t i v i t y  o f c i t r a t e  sy n th a se  e x t r a c te d  from 
th e  p u r i f i e d  m ito ch o n d ria  o f im m ature tom ato f r u i t  c v . 
M arathon. 149
54 . Changes in  s p e c i f i c  a c t i v i t y  o f c i t r a t e  sy n th a se  
e x t ra c te d  from th e  p u r i f i e d  m ito ch o n d ria  o f im m ature 
tom ato f r u i t  c v . M arathon. 150
Summary
The s p e c i f i c  a c t i v i t i e s  o f  c i t r a t e  s y n th a s e  and m a la te  dehydrogenase 
e x t r a c te d  from  m ature g reen  f r u i t  o f  L y co p e rs ico n  escu le n tu m , f e l l  
60^ d u r in g  th e  f i r s t  two weeks o f  a tw e lv e  week experim en t in  
w hich th e  f r u i t  were s to r e d  in  an atm osphere d es ig n ed  to  i n h i b i t  
e th y le n e  s y n th e s i s .  Throughout th e  rem a in d er o f th e  ex p erim en t, 
th e  s p e c i f i c  a c t i v i t i e s  w ere r e l a t i v e l y  c o n s ta n t .  In  th e  i n i t i a l  
two week p e r io d ,  th e  s p e c i f i c  a c t i v i t y  o f  NADP-linked m a lic  enzyme 
ro s e  by 400^ , m a lic  a c id  c o n c e n tr a t io n  f e l l  by 50^? w h ile  th e  
c o n c e n tr a t io n  o f  c i t r i c  a c id  ro s e  by 2 0 ^ . Those f e a tu r e s  o f  r ip e n in g  
su ch  a s  th e  de novo s y n th e s is  o f  lyco p en e  and p o ly g a la c tu ro n a s e , 
w hich w ere th o u g h t to  depend on e th y le n e  f o r  i n i t i a t i o n  o f  re s p o n s e , 
co u ld  n o t be d e te c te d  u n t i l  th e  f r u i t  w ere removed to  a norm al 
a tm o sp h e re . A d d i t io n a l ly ,  c i t r a t e  sy n th a s e  and m a la te  dehydrogenase 
from  m atu re  g reen  tom ato  f r u i t  s to r e d  in  th e  p re sen ce  o r ab sen ce  o f  
e th y le n e ,  showed s im i la r  t r e n d s  in  s p e c i f i c  a c t i v i t y ,  and th e  p re se n c e  
o f th e  o l e f i n  made no s i g n i f i c a n t  d i f f e r e n c e  to  th e  r a t e  o f lo s s  o f  
enzyme s p e c i f i c  a c t i v i t y .
The p u r i f i c a t i o n  and p a r t i a l  c h a r a c te r i s a t io n  o f c i t r a t e
sy n th a se  from  L ycopersicon  escu len tum  i s  d e s c r ib e d .  The enzyme i s  a
d im er w ith  s u b -u n its  o f s im i la r  s i z e  and a t o t a l  M , o f ap p ro x im a te ly  .r
1 0 0 ,0 0 0 . The c h a r a c te r i s a t io n  re v e a le d  no obvious r e g u la to ry  f e a tu r e s  
t h a t  would e a s i l y  acco u n t f o r  th e  f a l l  in  s p e c i f i c  a c t i v i t y .
S u b - c e l lu la r  f r a c t i o n a t io n  s tu d ie s  dem on stra ted  u n e q u iv o c a lly  
t h a t  th e  s i t e  o f o rg an ic  a c id  m etabo lism  was th e  m ito ch o n d rio n .
C i t r a t e  sy n th a s e , NAD-dependent i s o c i t r a t e  dely^drogenase and NAD- 
dependent m a lic  enzyme w ere shown to  be lo c a te d  e x c lu s iv e ly  in  th e
m ito ch o n d rio n , w h ile  m a la te  dehydrogenase was lo c a te d  b o th  in  th e  
c y to s o l  and th e  m ito ch o n d rio n . A ll  th e s e  enzymes in c lu d in g  c y to s o l ic  
m a la te  dehydrogenase e x h ib ite d  th e  c o -o rd in a te d  f a l l  i n  s p e c i f i c  
a c t i v i t y  d e sc r ib e d  ab o v e . A h y p o th e s is  i s  proposed  w hich in c lu d e s  
a n o v e l c o a rse  c o n t ro l  o f th e  c i t r i c  a c id  c y c le  and r e l a t e d  enzym es, 
a s  an  e a r ly  in d i c a to r  o f se n e sc e n c e .
INTRODUCTION
O rig in , C la s s i f i c a t i o n  and Anatomy o f th e  Tomato P la n t
The s u b je c t  o f  t h i s  s tu d y  i s  b o th  a f r u i t  o f te n  c la s s e d  a s  a 
v e g e ta b le ,  and a p e re n n ia l  c u l t iv a t e d  in  tem p era te  c l im a te s  a s  an 
a n n u a l .
The tom ato  p la n t  i s  a member o f th e  S o lan acea  fa m ily , 
b e lo n g in g  to  th e  sm a ll genus L y c o p e rs ic o n . I t  i s  in d ig en o u s  to  
th e  w e s te rn  s lo p e s  of th e  Andes and i s  re p u te d  to  have been  
b ro u g h t t o  Europe by Columbus in  1498. The f i r s t  reco rd ed  
in t r o d u c t io n  o f  th e  tom ato in to  Europe was by th e  I t a l i a n  h e r b a l i s t  
P .A . M a tt io lu s  in  1558? quo ted  by S tu r te v a n t  (I889, I919). The 
tom ato  was c l a s s i f i e d  as  a member o f  th e  S o lan acea  by L innaeus 
(1754) and in  th e  same y e a r  M il le r  s e p a ra te d  an escu len tum  ty p e  
c u l tu r e  in to  a genus L y c o p e rs ic o n .
E s s e n t i a l l y  a l l  th e  c u l t iv a t e d  forms o f  th e  tom ato  b e lo n g  
to  th e  s p e c ie s  L yco p ersico n  escu len tum  w hich has  been  so  e x te n s iv e ly  
c u l t iv a t e d  th a t  i t  c e a se s  to  resem ble any s p e c ie s  found in  th e  
n a t u r a l  h a b i t a t .  I t  now a p p e a rs  th e re  a re  no in d ig en o u s  s p e c ie s  
o u ts id e  Sou th  A m erica.
................... The m o rp h o lo g ica l d i f f e r e n c e  betw een th e  c u l t iv a t e d  and
in d ig en o u s  s p e c ie s  i s  so  g r e a t  t h a t  M u lle r ( I 94O) e s ta b l i s h e d  two 
s u b -g e n e ra . The f r u i t  o f sub-genus 1 , Euly c o p e rs ic o n , a r e  g la b ro u s  
and re d  o r  re d d ish -y e llo w  in  c o lo u r  and c o n ta in  th e  s p e c ie s  
L . escu len tum  M ill w ith  dub ious s u b -s p e c ie s  L . escu len tu m  v a r .  
py rifo rm e Dun. L . escu len tum  v a r .  c e ra s ifo rm e  Dun. and 
p im p in s ll i fo liu m  M i l l .  The f r u i t  o f  sub-genus 2 , E r ic o p e rs ic o n ,
a r e  h a i r y ,  w h ite , g reen  o r y e llo w is h  w ith  la v e n d e r  o r p u rp le  
s t r i p e s .  T h is  suh -genus c o n ta in s  th e  s p e c ie s  L . peruvianum  M il l ,  
w ith  v a r i e t i e s  dentatum  Dun. and humifusum M u ll . ,  L . cheesm an ii 
R ile y  from  th e  G alapagos I s la n d s ,  w ith  th e  v a r i e ty  m inor M u ll.
L . h irsu tu m  Dun. w ith  th e  v a r i e ty  g la b ra tu m  M u ll, and 
L . g landulosum  M u ll.
As l a t e  a s  I 9OO th e  tom ato  was s t i l l  w id e ly  re g a rd e d  as  
po isonous due to  i t s  taxonom ic c o n n e c tio n  w ith  th e  n ig h tsh a d e  
fa m ily  w hich in c lu d e s  b e lla d o n n a  and m andrake. The to x i c i t y  o f 
c e r t a i n  members o f th e  S o lanacea  i s  a t t r i b u t a b l e  to  p o te n t a l k a l o i d s .  
The predom inan t a lk a lo id  in  th e  tom ato  i s  to m a tin e  w hich i s  
c o n c e n tra te d  in  th e  f o l i a g e  and th e  g re e n  f r u i t ,  b u t w hich i s  
deg raded  a s  th e  f r u i t  r ip e n .  Even a t  h ig h  c o n c e n tra t io n s  i t  i s  
much l e s s  to x ic  th a n  th e  a lk a lo id s  p re s e n t  in  th e  n ig h ts h a d e s .
Many o f  th e  w ild  tom ato  s p e c ie s  have p o te n t i a l  v a lu e  f o r  
a g r i c u l tu r e  b eca u se  o f th e  d iv e r s i t y  o f  t h e i r  germ p lasm . S e v e ra l 
a re  r e s i s t a n t  to  w i l t  caused  by fu sa riu m  and v e r t i c i l l i u m  fungus 
and th e se  q u a l i t i e s  have been b re d  in to  th e  c u l t iv a t e d  fo rm s. A few 
w ild  s p e c ie s  e x i s t  in  q u ite  h o s t i l e  c l im a t ic  c o n d i t io n s ;
L . cheesm an ii grows on th e  sh o re s  o f th e  G alapagos I s la n d s  
a p p ro x im a te ly  two m e te rs  above th e  h ig h - t id e  l i n e  and has been  shown 
to  s u rv iv e  in  s e a w a te r ,  w hereas c u l t iv a t e d  form s w i l l  d ie  i f  th e  
c o n c e n tr a t io n  o f se a w a te r  exceeds O^jo, Solanum p e n n e l l i i  s u rv iv e s  
and f lo u r i s h e s  in  th e  ex trem ely  dry  h a b i t a t  o f w e s te rn  P eru , where 
th e  main so u rc e  o f  w a te r  i s  th e  fo g  and m is t t h a t  p e n e tr a te s  in la n d  
from  the  P a c i f i c .  O ther u s e f u l  c h a r a c t e r i s t i c s  o f  w ild  tom atoes a r e  
in s e c t  r e s i s t a n c e  in  L. h irsu tu m  and to le r a n c e  o f t r o p i c a l  
c o n d it io n s  in  c e r t a in  v a r ia n ts  of c e ra s i fo rm e .
The tom ato has become a f a v o u r i t e  s u b je c t  f o r  g e n e t ic  
s tu d ie s  f o r  th e  fo llo w in g  re a s o n s :
1 . The g r e a t  w e a lth  o f n a t u r a l l y  o c c u r r in g  v a r i a b i l i t y  in  th e  
s p e c ie s  w hich has been  supp lem ented  by m u tan ts  induced  by 
X -rays and o th e r  m u tagens.
2 .  The p l a n t 's  h ig h  r a t e  o f s e l f - p o l l i n a t i o n ,  le a d in g  to  th e  
e a r ly  e x p re s s io n  o f r e c e s s iv e  m u ta tio n s .
3 .  The la c k  o f gene d u p l ic a t io n  w ith in  th e  genome.
4* The p la n t  i s  easy  to  grow, has  a s h o r t  l i f e  c y c le  and y ie ld s  
a la rg e  number o f s e e d s .
One f u r th e r  a s s e t  i s  th e  fa v o u ra b le  p ach y ten e  s ta g e  o f m e io s is ,  
w hich makes i t  p o s s ib le  to  id e n t i f y  each  o f th e  tw elv e  chromosomes 
o f  th e  p la n t  and t h e i r  arm s. B efo re  th e  ad v en t o f g e n e t ic  eng ineering^  
some o f th e  b e s t  chromosome maps produced from  a f lo w e r in g  p la n t  
were o b ta in ed  from th e  to m ato . The a p p l ic a t io n  o f th e  fo re g o in g  has 
r e s u l t e d  in  th e  l a r g e - s c a le  p ro d u c tio n  o f  h y b rid  tom ato  c u l t i v a r s  
w hich have in c re a s e d  v ig o u r , e a r l i e r  r ip e n in g  and th e  r a p id  
developm ent o f com binations o f d e s i r a b le  t r a i t s .  h y b r id s  now 
c o n s t i tu te  95^ o f  th e  p la n tin g s  f o r  m arket tom atoes in  Jap an  and 50^ 
(1978) o f  th o s e  in  I s r a e l .  The s u b s t i t u t i o n  o f  a number o f m utant 
genes in  new c u l t i v a r s  has r e s u l t e d  from  th e  in te n s e  b re e d in g  
a c t i v i t y  o f  th e  l a s t  f o r ty  y e a r s .  One such  gene i s  th e  (u) o r 
un ifo rm  r ip e n in g  gene, w hich e l im in a te s  th e  d a rk  g reen  sh o u ld e r  o f 
u n r ip e  f r u i t  and so  p re v e n ts  th e  r e t e n t io n  o f  c h lo ro p h y l l  in  t h a t  
p a r t  o f th e  r ip e  f r u i t .  The (sp ) o r  s e l f - p r u n in g  gene ap p ea red  a s  a 
spon taneous m u ta tio n  in  F lo r id a  in  1914» T his m u ta tio n  cau ses  th e  
p la n t to  grow in  an o rd e r ly  o r d e te rm in a te  f a s h io n ,  in  c o n t r a s t  to  
th e  u su a l sp ra w lin g  in d e te rm in a te  g ro w th . The b ran ch e s  o f (sp )
p la n ts  te rm in a te  t h e i r  g row th  a t  a p p ro x im a te ly  th e  same d is ta n c e  
from  th e  c e n tre  o f  th e  p la n t  and th e  p la n t  f lo w e rs  more ab u n d an tly  
th a n  th e  in d e te rm in a te  ty p e .  As a r e s u l t ,  f r u i t i n g  i s  c o n c e n tra te d  
in  a  s h o r te r  seaso n  and th e  p la n ts  can  b e  h a rv e s te d  by m achine 
(R ick , 1 9 7 8 ).
A n a to m ic a lly , th e  f r u i t  i s  a f le s h y  b e r ry  o r  sw o llen  
o v u le . The body o f  th e  f r u i t ,  developed  from  th e  ovary  w a ll w hich 
su rro u n d s  and e n c lo se s  th e  se e d , i s  te rm ed  th e  p e r ic a r p  and c o n s is t s  
o f o u te r ,  r a d i a l  and in n e r  w a l l s .  L o c u la r  c a v i t i e s  o ccu r a s  gaps 
in  th e  p e r ic a r p  and c o n ta in  th e  seed s  embedded in  th e  j e l l y - l i k e  
p la c e n ta l  t i s s u e .  The number o f  lo c u le s  v a r ie s  from  two upwards 
and i s  c h a r a c t e r i s t i c  f o r  each  c u l t i v a r .
B iochem ical and P h y s io lo g ic a l  Changes A sso c ia te d  w ith  R ip en in g
B efo re  d is c u s s in g  any changes a s s o c ia te d  w ith  r ip e n in g ,  th e  te rm  i t s e l f  
m ust be d e f in e d .
In  experim en ts  d es ig n ed  to  m easure th e  r e s p i r a t i o n  r a t e  o f 
a p p le s  d u rin g  th e  m a tu ra tio n  p h ase , Kidd and West (1930) observed  an 
in c re a s e  in  CO  ^ e v o lu tio n  t h a t  c o in c id e d  w ith  v i s i b l e  r ip e n in g  
c h a n g e s . The a u th o rs  term ed t h i s  r e s p i r a t o r y  p a t te r n  th e  
" c l im a c te r ic "  and su g g e s te d  t h a t  i t  be u sed  a s  an  in d i c a to r  o f 
r ip e n in g .  S in ce  th e n ,  o th e r  i n t e r p r e t a t i o n s  o f th e  c l im a c te r ic  
have been  p u t fo rw a rd . Rhodes (1970) su g g e s te d  th a t  th e  te rm  
c l im a c te r ic  sho u ld  be a p p l ie d  to  " th e  whole o f  th e  c r i t i c a l  phase in  
th e  l i f e  o f th e  f r u i t  w hich i s  t r ig g e r e d  by e th y le n e  and d u rin g  
which many changes a r e  o c c u r r in g " .  However, M cGlasson e t  a l . (1978) 
drew a t t e n t i o n  to  th e  c o n fu s io n  in  th e  l i t e r a t u r e  su rro u n d in g  th e  
term  and proposed  th a t  th e  r e s p i r a t o r y  c l im a c te r ic  be d e f in e d  as
" th e  gaseous exchange th a t  accom panies r ip e n in g " .  B ia le  and 
Young ( 1981) r e f e r r e d  to  th e  phenomenon a s  " th e  p h y s ic a l ,  c h em ica l, 
p h y s io lo g ic a l  and m e ta b o lic  changes t h a t  a r e  a s s o c ia te d  w ith  th e  
in c re a s e  in  th e  r a t e  o f r e s p i r a t i o n ,  and w hich o ccu r d u r in g  th e  
t r a n s i t i o n  phase from  th e  dev elo p m en ta l s ta g e s  o f g row th  and 
m a tu ra tio n , to  th e  s ta g e  o f  s e n e s c e n c e " •
The p a t t e r n  o f r e s p i r a t i o n  r e f e r r e d  to  by K idd and West 
(1930) i s  n o t u n iv e r s a l  b u t  i s  found on ly  in  th e  c l im a c te r ic  f r u i t ,  
exam ples o f w hich a r e  a p p le ,  b anana , b r e a d f r u i t ,  peach , p e a r  and 
to m a to . In  r e s p i r a to r y  ex p erim en ts  w ith  lemon f r u i t .  B ia le  and 
Young (1947) n o te d  a  s te a d y  downward d r i f t  in  CO  ^ e v o lu tio n  f o r  
p e r io d s  a s  lo n g  a s  s ix  m on ths. Lemon and o th e r  f r u i t  such  a s  c h e r ry , 
g ra p e , ly ch ee  and s tra w b e rry  were term ed n o n -c l im a c te r ic  f r u i t ,  
s in c e  th e y  d id  n o t m a n ife s t  th e  la rg e  r e s p i r a t o r y  peak , n o r  th e  
enhanced p ro d u c tio n  o f  e th y le n e  a s s o c ia te d  w ith  r ip e n in g  in  th e  
c l im a c te r ic  f r u i t .
The r e s p i r a t o r y  tim e  co u rse  o f c l im a c te r ic  f r u i t  shows a 
d e c l in in g  t r e n d  to  a minimum v a lu e  term ed th e  p r e - c l i m c t e r i c  
minimum, fo llo w ed  by a more o r  l e s s  sh a rp  r i s e ,  depend ing  on th e  
s p e c ie s ,  to  th e  c l im a c te r ic  peak , a f t e r  w hich th e r e  i s  a p o s t­
c l im a c te r ic  d e c l in e  in  r e s p i r a t i o n .  F r u i t  s o f te n in g ,  c o lo u r  ch an g es, 
developm ent o f a d e s i r a b le  t a s t e  and a ro m a tic  f la v o u r  a r e  a l l  
a s s o c ia te d  w ith  th e  c l im a c te r ic  c y c le ,  and th e  change in  
developm ent from m a tu ra tio n  to  r i p e n e s s . A lthough  " r ip e "  has no 
s c i e n t i f i c  s t a t u s  (Goodenough and W rig h t, I 982) ,  i t  has come to  mean 
a s e r i e s  o f b o th  a n a b o lic  and c a ta b o l i c  b io c h e m ic a l changes t h a t  
e v e n tu a lly  produce a f r u i t  which i s  a t  i t s  m ost p a la ta b le  when e a te n .
In  b o ta n ic a l  te rm s , t h i s  i s  an id e a l  mechanism f o r  seed  d i s p e r s a l .
The m ost obv ious c h a r a c t e r i s t i c s  o f  r ip e n in g  in  th e  ca se  
o f th e  tom ato a r e  th e  lo s s  o f  th e  g reen  pigm ent c h lo ro p h y l l  and 
th e  ap p ea ran ce  o f  th e  y e llo w  and re d  pigm ents ^  - c a r o te n e  and 
ly c o p e n e . As th e  f r u i t  change from  m atu re  g reen  to  o ran g e , th e  
r e s p i r a t o r y  c l im a c te r ic  o ccu rs  and CO  ^ e v o lu tio n  in c r e a s e s  to  a 
peak v a lu e  tw ic e  t h a t  o f th e  p r e - c l im a c te r i c  minimum (R hodes, I 98O) 
C o n co m itan tly , e th y le n e  s y n th e s is  becomes a u t o c a t a ly t i c  and 
e th y le n e  c o n c e n tr a t io n  r i s e s  from  a p r e - c l im a c te r i c  minimum o f 
O .lp il/1  to  a p p ro x im a te ly  2 % p l/l (Lyons and P r a t t ,  I 964 ) . D uring  
th e  c o lo u r  change from  g re e n  to  orange th e r e  i s  a marked f a l l  in  
th e  c o n c e n tr a t io n  o f m a lic  a c id ,  w h ile  c i t r i c  a c id  in c r e a s e s  up to  
th e  o range s ta g e  and th e n  g ra d u a l ly  d e c l in e s .  S ta rc h  h y d ro ly s is  
i s  i n i t i a t e d  and g lu c o se  and f r u c to s e  c o n c e n tra t io n s  r i s e  a l th o u g h , 
i n t e r e s t i n g l y ,  s u c ro se  can n o t be  d e te c te d  (de Bruyn e t  a l . I 968) . 
W ith in  f o r ty  e ig h t  h o u rs  th e  c o lo u r  changes from  orange to  re d  and 
th e  f r u i t  b e g in  to  s o f t e n .  The s t a r t  o f  s o f te n in g  i s  c o r r e l a t e d  
w ith  th e  app ea ran ce  o f th e  c e l l  w a ll d eg rad in g  enzymes 
p o ly g a la c tu ro n a s e , po ly  (1 ,4  -  L g a la c tu ro n id e )  g ly c o n h y d ro la se  
(eg 3 . 2 . 1 . 15 ) and p e c t in  p e c ty lh y d ro la s e  (EC 3 » l* l* l l ) «  F in a l ly ,  
th e  f r u i t  becomes very  s o f t  to  th e  to u c h  a s  th e  i n t e r n a l  c e l l u l a r  
c o n s t i tu e n t s  b e g in  to  d i s in t e g r a t e  and th e  seed s  e v e n tu a l ly  m ature 
(Hobson and D av ies , 1971)*
E x a c tly  when m a tu ra tio n  becomes sen escen ce  d u r in g  tom ato  
f r u i t  r ip e n in g  i s  n o t c l e a r .  However, a c c e p tin g  Medawar’ s ( l9 5 7 ) 
d e f in i t i o n  o f sen escen ce  a s  " th e  d e t e r io r a t i v e  p ro c e s s e s  th a t  a r e  
n a tu r a l  cau ses  o f d e a th " ,  i t  i s  s a f e  to  assume th a t  sen escen ce  w i l l
have s t a r t e d  by th e  b re a k e r /o ra n g e  s ta g e ,  s in c e  by th e n  
i r r e v e r s i b l e  c e l l u l a r  d e g ra d a tio n  has b eg u n .
The B io c h em is try  and R e g u la tio n  o f  th e  R ip en in g  P ro cess
P r a t t  and Goesch ( 1969) and  Rhodes ( l9 ? 0 )  su g g e s te d  th a t  th e  
u p su rg e  in  r e s p i r a t o r y  a c t i v i t y  r e f l e c t s  th e  t o t a l  energy  
re q u ire m e n ts  o f  th e  s y n th e t i c  p ro c e sse s  a s s o c ia te d  w ith  r ip e n in g .  
I m p l ic i t  in  t h i s  argum ent i s  th e  id e a  t h a t  r ip e n in g  in v o lv e s  th e  
s im u ltan e o u s  o c c u rre n c e  o f  a s e r i e s  o f in te rd e p e n d e n t p ro c e s s e s .
The slow  r ip e n in g  o f  n o n -c l im a c te r ic  f r u i t ,  su ch  a s  th e  o ran g e , 
would n o t  in v o lv e  such  la r g e  energy  demands a s  th e  c l im a c te r ic  
f r u i t  in  w hich r ip e n in g  o ccu rs  ov er a r e l a t i v e l y  s h o r t  p e r io d .  
However, th e  s t r a w b e r ry ,  a n o n -c l im a c te r ic  f r u i t ,  can r ip e n  r a p id ly  
w ith  m a jo r changes in  i t s  s t r u c t u r e  and co m p o sitio n  w ith o u t 
d is p la y in g  a r e s p i r a t o r y  peak (Knee e t  a l . ,  1977)* T here i s  now 
grow ing ev id en ce  t o  su g g e s t t h a t  r ip e n in g  c o n s i s t s  o f  a complex 
c o -o rd in a te d  s e r i e s  o f  e v e n ts ,  s e v e r a l  o f w hich a re  in d ep en d en t o f  
th e  r e s p i r a t o r y  c l im a c te r i c .  E v idence f o r  t h i s  a s  fo l lo w s :
In  th e  honeydew m elon, th e  p ro c e s s  o f  s o f te n in g  and in c re a s e d  
c a ro te n o id  s y n th e s is  p reced ed  th e  o n se t o f th e  r e s p i r a to r y  
c l im a c te r ic  ( P r a t t ,  1971)* The a p p l ic a t io n  o f cyclohex ira ide  to  
u n rip e  b ananas in h i b i t e d  e th y le n e  p ro d u c tio n , s o f te n in g  and lo s s  o f 
c h lo ro p h y ll  d u rin g  s to r a g e ,  w ith o u t i n h i b i t i n g  th e  r e s p i r a to r y  
r i s e  (McGlasson e t  a l . ,  1971)* B o s to l and L eopold ( I 967 ) 
d em onstra ted  t h a t  g i b b e r e l l i c  a c id  had no e f f e c t  on th e  r e s p i r a to r y  
c l im a c te r ic  o f m atu re  g re e n  tom atoes b u t d e lay ed  th e  o n se t o f 
c o lo u r  change d u rin g  s to r a g e .  The su b se q u en t tre a tm e n t o f such
f r u i t  w ith  e th y le n e  on ly  p a r t i a l l y  overcame th e  e f f e c t s  o f 
g i b b e r e l l i c  a c i d .  Wang and M e lla n th in  (1972) showed t h a t  0 .0 8 p l / l  
o f  e th y le n e  was enough to  i n i t i a t e  s o f te n in g  in  im m ature p e a rs  
w ith o u t any in c re a s e  in  r e s p i r a t i o n .  These r e s u l t s  in d i c a te  th a t  
i t  i s  p o s s ib le  to  s e p a ra te  many a s p e c ts  o f  r ip e n in g  from  th e  r i s e  
in  r e s p i r a t i o n .  In d eed , McGlasson e t  a l . (1971) have e x p re sse d  
th e  view  t h a t  th e  r e s p i r a t o r y  c l im a c te r ic  i s  " n e i th e r  dependen t on 
n o r  in t e g r a te d  w ith  o th e r  a s p e c ts  o f r ip e n i n g " .
Romani (1975) to o k  th e  view  t h a t  th e  r e s p i r a t o r y  r i s e  i s  
j u s t  a n o th e r  in d ep en d en t r ip e n in g  change r e l a t i n g  to  th e  sem i- 
autonom ous s t a t u s  o f m ito ch o n d ria  w ith in  th e  c e l l ,  and he su g g e s te d  
th a t  th e  r e s p i r a t o r y  r i s e  i s  a re sp o n se  to  changes o c c u rr in g  in  th e  
cy to p lasm  w hich e i t h e r  in c re a s e  th e  a v a i l a b i l i t y  o f  s u b s t r a t e s  and 
c o - f a c t o r s ,  o r remove th e  c o n s t r a in t s  l i m i t i n g  th e  in  v iv o  
r e s p i r a t o r y  a c t i v i t y  o f  m ito c h o n d r ia .
I t  i s  c l e a r  from  th e  fo re g o in g  t h a t ,  i n  b io c h e m ic a l 
te rm s , r ip e n in g  i s  a complex in t e r p la y  o f  s y n th e t ic  and 
d e g e n e ra tiv e  p ro c e s s e s .  I t  would be  s u r p r i s in g  th e r e f o r e ,  i f  th e  
r e g u la t io n  and c o n t ro l  o f  r ip e n in g  w ere n o t i t s e l f  com plex. Yet 
u n t i l  r e l a t i v e l y  r e c e n t ly  i t  was th o u g h t t h a t  th e  phytohorm one 
e th y le n e  i n i t i a t e d  and c o n t ro l le d  th e  e n t i r e  p ro c e s s .  E th y len e  
was im p lic a te d  a s  a p la n t  grow th r e g u la to r  by P r a t t  e t  a l . ,  (1948) 
and has s in c e  been  shown to  r e g u la te  s e v e r a l  p la n t  p ro c e s s e s ,  
ra n g in g  from  f lo w e r sen escen ce  to  f r u i t  r ip e n in g .  I t s  mechanism 
and r e g u la t io n  o f b io s y n th e s is  were d is c o v e re d  by Adams and Yang 
(1981) .  E th y len e  s y n th e s is  ap p ea rs  to  be c o n s t i t u t i v e  in  a lm o st 
a l l  p la n t  t i s s u e s ,  w ith  th e  e x c e p tio n  o f p r e - c l im a c te r i c
f r u i t  (Cameron e t  a l . ,  1979)* I t s  in d u c tio n  in  v e g e ta t iv e  t i s s u e  
i s  now known to  be v ia  s t im u la t io n  o f  1 -a ra in o c y c lo p ro p a n e -l-  
c a rb o x y l ic  a c id  s y n th a se  by in d o le  a c e t i c  a c i d .  E th y le n e  a p p e a rs  
to  be  d i r e c t l y  in v o lv e d  in  f r u i t  r ip e n in g ,  s in c e  exogenously  
a p p l ie d  e th y le n e  prom otes r ip e n in g  in  many c l im a c te r ic  f r u i t .  
However, i t s  p r e c i s e  r o le  i s  s t i l l  u n c l e a r .  The r i s e  in  e th y le n e  
c o n c e n tr a t io n  i s  c lo s e ly  c o r r e la te d  w ith  th e  r e s p i r a t o r y  r i s e ,  
a l th o u g h  i n  some f r u i t  su ch  a s  th e  avocado C h o q u e tte , banana and 
th e  honeydew m elon , e th y le n e  s y n th e s is  p reced es  00^ p ro d u c tio n , 
w h ile  in  th e  to m ato , plum and th e  avocado F u e r te  th e  p o s i t io n  i s  
r e v e r s e d .
The e f f e c t s  o f  e th y le n e  can be s im u la te d  by h ig h  
c o n c e n tr a t io n s  o f p ro p y le n e , w hich has  b een  used  to  m easure th e  
r i s e  o f  i n t e r n a l  e th y le n e  c o n c e n tr a t io n  in  c l im a c te r ic  f r u i t .  The 
a u t o c a t a l y t i c  a b i l i t y  to  s y n th e s is e  e th y le n e  in  re sp o n se  to  
p ro p y len e  i s  n o t u n iv e r s a l  among c l im a c te r ic  f r u i t .  The tom ato  
seems to  be  an  e x c e p tio n .  McGlasson e t  a l .  (1975) t r e a t e d  4 0 - 
80/è m atu re  g reen  tom atoes w ith  p ro p y len e  and e l i c i t e d  no 
e th y le n e  p ro d u c tio n .  They concluded  th a t  th e  " o n se t o f r ip e n in g  
in  norm al tom ato  i s  n o t c o n t ro l le d  by endogenous e th y le n e , 
a l th o u g h  in c re a s e d  e th y le n e  p ro d u c tio n  i s  p ro b ab ly  an  i n t e g r a l  
p a r t  o f  th e  r ip e n in g  p ro c e s s " .  E th y len e  reduced  th e  p re ­
c l im a c te r ic  l i f e  o f  th e  tom ato  b u t  even a t  h ig h  c o n c e n tra t io n s  
would n o t induce a u t o c a t a ly t i c  p ro d u c tio n . I t  i s  a lm o st c e r t a in  
t h a t  e th y le n e  i s  on ly  one o f s e v e r a l  phytohorm ones in v o lv ed  in  
f r u i t  r ip e n in g .  K ader e t  a l . (1973) showed th a t  e x te r n a l ly  a p p l ie d  
a b s c i s i c  a c id  advanced th e  r ip e n in g  p ro c e ss  in  tom ato  f r u i t  w h ile .
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i n  th e  p e a r ,  in d o le  a c e t i c  a c id  a c te d  bo th  a s  an i n h i b i t o r  o f  
r ip e n in g ,  a s  jud g ed  by c h lo ro p h y ll  d e g ra d a tio n , and s im u lta n e o u s ly  
prom oted e th y le n e  b io s y n th e s i s  (F re n k e l, 1975)* The p o s s i b i l i t y  
e x i s t s  t h a t  e th y le n e  a n ta g o n is ts  a r e  s u p p lie d  to  th e  f r u i t  v ia  
th e  p l a n t . S u p p o r tiv e  ev id en ce  f o r  t h i s  comes from th e  work o f 
G a z it  and B lum enfeld  (1 9 7 0 ), who found t h a t  th e  a p p l i c a t io n  o f 
5 Q p l/ l  o f e th y le n e  to  avocado F u e r te  f a i l e d  to  e l i c i t  a r ip e n in g  
r e s p o n s e ; in d e e d , i f  l e f t  on th e  t r e e  th e  avocado w ould n o t  r ip e n .  
A f te r  h a r v e s t in g ,  th e  c o n c e n tr a t io n  o f i n t e r n a l  e th y le n e  in  th e  
avocado C h oquette  ro s e  from  0 .0 4 > il /l  to  O .lp i l / l  p r io r  t o  r ip e n in g  
(Burg and B urg , 1 9 6 2 b ). I t  th u s  seems th a t  in  th e  avocado  th e  slow  
d isa p p e a ra n c e  o f  a f a c t o r  to  a th r e s h o ld  l e v e l  t r i g g e r s  r ip e n in g ,  
r a t h e r  th a n  a r i s e  in  th e  i n t e r n a l  e th y le n e  c o n c e n t r a t io n .  In  
a d d i t io n ,  th e  p o t e n t i a l l y  s t im u la t in g  le v e l s  o f e th y le n e  found  in  
a p p le s  (R eid  e t  a l . ,  1973) and bananas (Burg and B urg, 1962) a r e  
p re s e n t  w ith in  th e  f r u i t  lo n g  b e fo re  r ip e n in g .
T here i s  c i r c u m s ta n t ia l  ev id en ce  w hich s u g g e s ts  t h a t  
e th y le n e  may b e  r e s p o n s ib le  f o r  th e  ap p ea ran ce  o f th e  c e l l -  
s o f te n in g  enzym es. Hobson (1964) has  shown t h a t  p o ly g a la c tu ro n a s e  
i s  p re s e n t  in  r ip e  tom ato  f r u i t  b u t canno t be  d e te c te d  in  g reen  
f r u i t .  The p re se n c e  o f  p o ly g a la c tu ro n a se  in  r i p e  tom ato  f r u i t  has 
been  d em o n stra ted  by  T ucker and G rie rso n  ( I 982 ) to  be due to  
de novo s y n th e s is  o f  enzym ic p r o te in .  A d d i t io n a l ly ,  T ucker e t  a l . ,  
(1980 , 1981) have shown th e  e x is te n c e  o f two isoenzym es o f  
p o ly g a la c tu ro n a s e  (PG), PG 1 and PG 2 . PG 1 h as  double th e  
m o le c u la r  mass o f  PG 2 an d , a lth o u g h  PG 1 does n o t re a c h  a  v ery  
h ig h  c o n c e n tra t io n  d u rin g  r ip e n in g ,  PG 2 in c re a s e s  d r a m a t ic a l ly .
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E vidence  f o r  th e  fo rm a tio n  o f  new mRNA s p e c ie s  p re s e n t  in  r ip e  
f r u i t  t h a t  a r e  n o t found in  im mature f r u i t  has been  d em o n stra ted  
by R attan p an o n e  e t  a l . ,  (1 9 7 8 ), a lth o u g h  th e s e  s p e c ie s  have n o t 
b een  shown c o n c lu s iv e ly  to  code f o r  PG.
The r e c e n t  in t r o d u c t io n  o f  s e v e r a l  r ip e n in g  m u tan ts  o f 
tom ato  f r u i t  h as  p ro v id ed  a new to o l  f o r  exam ing th e  r e g u la t io n  
o f  tom ato  r ip e n in g .  A lthough  th e r e  a r e  m u tan ts  w hich in f lu e n c e  
tom ato  f r u i t  p ig m e n ta t io n , th e  n e v e r  r ip e  ( n r ) ,  r ip e n in g  
i n h i b i t o r  ( r i n )  and n o n - r ip e n in g  (n o r)  a r e  th e  on ly  known m u tan ts  
in  w hich m ajo r b io c h e m ic a l changes a s s o c ia te d  w ith  r ip e n in g  a r e  
e i t h e r  g r e a t ly  red u ced  o r  la c k in g .  The r i n  m utan t can be  d e s c r ib e d  
a s  n o n - c l im a c te r ic ,  i n  t h a t  no r e s p i r a t o r y  b u r s t  o r  e th y le n e  
s y n th e s is  accom panies r ip e n in g .  B oth  th e  r i n  and n o r  m u tan ts  have 
norm al p e c t in e s te r a s e  a c t i v i t y  b u t  on ly  t r a c e  am ounts o f  
p o ly g a la c tu ro n a s e ;  in  consequence t h e i r  s h e l f - l i f e  i s  ex trem ely  
lo n g . The t o t a l  c a ro te n o id  s y n th e s is  i s  much red u ced  in  b o th  
m u tan ts  an d , in  th e  c a se  o f th e  r i n ,  lyco p en e  i s  p re s e n t  in  t r a c e  
amounts on ly  (T ig c h e la a r  e t  a l . ,  (1 9 7 8 ).
S e v e ra l  m ethods have been  t r i e d  to  overcome th e  g e n e t ic  
in h i b i t i o n  of r ip e n in g  in  th e  r i n  m u ta n t. In  p a r t i c u l a r ,  e th y le n e  
and p ro p y len e  w ere used  to  induce  a tem porary  c l im a c te r ic  re s p o n s e . 
However, no a u t o c a ta ly s i s  o f e th y le n e  was observ ed  and in  t h i s  
r e s p e c t  th e  m utan t re sp o n d s  in  a t y p i c a l l y  n o n -c l im a c te r ic  
manner (M cGlasson e t  a l . ,  1975)» I t  i s  re a s o n a b le  to  assume t h a t ,  
s in c e  th e s e  f r u i t  f a i l  to  respond  to  exogenously  a p p l ie d  e th y le n e , 
th e  l e s io n s  do n o t d i r e c t l y  i n h i b i t  r ip e n in g  by b lo c k in g  e th y le n e  
s y n th e s i s .  In  a d d i t io n ,  th e  m u tan ts  a re  c a p a b le  o f p rod u cin g
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e th y le n e  in  re sp o n se  to  wounding and t h e i r  m e th io n in e  le v e ls  
a r e  s im i l a r  to  th o se  o f  norm al f r u i t ,  m e th io n in e  b e in g  th e  
p re c u r s o r  o f e th y le n e  (Adams and Yang, I 98I ) .
M attoo and V ickery  (1977) have exam ined th e  s u b - c e l l u l a r  
d i s t r i b u t i o n  o f isoenzym es (p e ro x id a se s ,  e s t e r a s e s ,  p h o sp h a ta se s , 
p h o sp h o ry la se s , m a la te  dehydrogenases and lAA o x id a se s )  in  f r u i t s  
o f  th e  c u l t i v a r s  R u tg e rs  and r i n .  The a u th o rs  re p o r te d  t h a t  th e  
a c t i v i t y  in  th e  s u p e rn a ta n t  f r a c t i o n  o f a l l  th e s e  enzymes 
d e c re a se d  d u r in g  r ip e n in g  o f b o th  c u l t i v a r s ,  w ith  th e  e x c e p tio n  o f  
m a la te  dehydrogenase w hich d id  n o t d i f f e r  betw een geno type o r  
s ta g e  o f  m a tu r i ty ,  a l th o u g h  no a c tu a l  d a ta  w ere p re s e n te d  f o r  
m a la te  deh y d ro g en ase . The p ro p o r tio n  o f some enzymes in  th e  
p a r t i c u l a t e  f r a c t i o n ,  f o r  example p e ro x id a s e , in d o le  a c e t i c  a c id  
o x id a se  and s e v e r a l  p h o sp h a ta se s , in c re a s e d  d u r in g  m a tu ra tio n .
I t  i s  c la im ed  t h a t  th e s e  f in d in g s  a re  c o n s i s te n t  w ith  th e  view  th a t  
c e l l u l a r  membranes r e t a i n  t h e i r  i n t e g r i t y  d u r in g  r ip e n in g  b u t  t h a t  
com ponents o f m etabo lism  a r e  r e d i s t r i b u t e d  betw een com partm ents.
I t  i s  f u r t h e r  c la im ed  t h a t  enzyme a c t i v i t y  would th e r e f o r e  be 
changed by a l t e r a t i o n  in  s u b - c e l l u l a r  d i s t r i b u t i o n  and th a t  t h i s  
c o n s t i tu te s  one o f th e  f a c t o r s  c o n t r o l l i n g  r ip e n in g .
Hobson (1974) u t i l i s e d  p o ly a c ry lam id e  g e l  e le c t r o p h o r e s is  
to  i n v e s t ig a t e  th e  isoenzym e p a t te r n  in  im m ature, m a tu re , r ip e  
and o v e r r ip e  tom ato  f r u i t ,  c u l t i v a r  Amberly C ro s s . M alate  
dehydrogenase ex h ib ite d  l i t t l e  change d u rin g  developm ent, th e re  
b e in g  fo u r  s e p a ra te  isoenzym es. However, s e v e r a l  enzymes d id  show 
changes d u rin g  developm ent in  t h e i r  isoenzym e p a t t e r n .  NADP-linked 
m a lic  enzyme showed th r e e  s e p a ra te  isoenzym es a t  th e  m ature g reen
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s ta g e ,  two o f w hich had d isa p p e a re d  hy th e  red  s t a g e .  I s o c i t r a t e  
d ehydrogenase  (n o t s t a t e d  w hether NAD-or NADP-linked) showed a 
s in g le  hand a t  th e  im mature s ta g e  w hich was augm ented by a f u r th e r  
band from  th e  matui;e g reen  s ta g e  onw ards. Hobson a l s o  exam ined 
la rg e  g re e n  f r u i t ;  th e s e  a re  f r u i t  ap p ro x im a te ly  10 days p r i o r  to  
th e  m ature g reen  s ta g e .  He found th a t  c e r t a i n  enzymes e x h ib i te d  
p a t te r n s  s im i l a r  to  th o s e  found a t  th e  m atu re  g reen  s ta g e ,  f o r  
exam ple e s t e r a s e  and 6 -ph o sp h o g lu co n a te  d eh y d ro g en ase . However, 
o th e rs  such  a s  g lu ta m a te  dehydrogenase and p e ro x id a se  showed 
p a t te r n s  c h a r a c t e r i s t i c  o f im mature f r u i t .  Hobson su g g e s te d  t h a t  
" d u r in g  developm ent isoenzym es a r e  form ed s p e c i f i c a l l y  to  c a r ry  
o u t th e  changes a s s o c ia te d  w ith  th e  f i n a l  s ta g e s  o f th e  p ro c e s s " .  
Goodenough and Thomas ( I 98O) examined th e  e l e c t r o p h o r e t ic  
p a t te r n  o f p r o te in s  from  s e v e r a l  d i f f e r e n t  c u l t i v a r s  t h a t  had been  
s to r e d  in  an  atm osphere  c o n s is t in g  o f 2*5-4% oxygen and 4% carbon  
d io x id e  f o r  two m onths. A lthough  t o t a l  p r o te in  d id  n o t  d e c l in e ,  
a d i f f e r e n t  p a t t e r n  was observed  from  f r u i t  removed from  th e  s to r e  
a f t e r  two m onths. T h is p a t te r n  c lo s e ly  resem bled  th a t  o f norm al 
r ip e  f r u i t .  A p art from th e  q u a l i t a t i v e  isoenzym e assessm en t by 
Hobson, th e r e  h as  been l i t t l e  o r no a t te m p t to  d e te rm in e  th e  
a c t i v i t y  and c o n t ro l  o f  th e  enzymes c a ta ly s in g  changes in  o rg an ic  
a c id  m etabo lism  in  th e  to m ato .
R e ta rd ed  R e s p ir a t io n  a s  a Method f o r  C o n tro l l in g  Tomato R ipen ing
S in ce  th e  o r ig i n a l  work o f Kidd and West (1933)> v a r io u s  
a tm ospheres and te m p e ra tu re s  have been  used  to  r e t a r d  th e  r ip e n in g  
p ro c e s s .  E x trem ely  low oxygen atm ospheres have been shown to
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p ro lo n g  th e  s to r a g e  o f tom atoes and red u ce  s t a r c h  d e g ra d a tio n  
(S alunkhe and Wu, 1973)- However, th e  m a jo r i ty  o f m o d ified  
a tm o sp h eres  a r e  n o rm ally  c lo s e  to  th e  o r ig in a l  one o f K idd and 
W est, i . e .  5% carbon  d io x id e , 5% oxygen and 90% n i t r o g e n .  T his 
co m b in a tio n  in c lu d e s  enough oxygen to  p re v e n t a n o x ia  o c c u r r in g , 
w h ile  s lo w in g  r e s p i r a t i o n  and e th y le n e  s y n th e s i s ,  s in c e  carbon  
d io x id e  i s  a c o m p e tit iv e  i n h i b i t o r  o f  e th y le n e  (Chadwick and 
B urg , 1967) .
U sin g  a m o d ified  g as  a tm o sp h ere , i t  h as  b een  p o s s ib le  to  
d em o n stra te  a tem p o ra l s e p a r a t io n  betw een c e r t a i n  b io c h e m ic a l 
e v e n ts  a s s o c ia te d  w ith  r ip e n in g  (Goodenough and  Thomas, I 98I ) .
In  p a r t i c u l a r ,  changes in  o rg an ic  a c id  c o n c e n tr a t io n  and s t a r c h  
breakdow n can  be  s e p a ra te d  from  s y n th e s is  o f c e l l  s o f te n in g  enzymes 
and c o lo u r  change .
O rganic A cid L ev e ls  D uring  Tomato R ip en in g
A lthough  o r ig i n a l l y  th o u g h t to  be s y n th e s is e d  in  th e  le a v e s  and 
t r a n s lo c a te d  to  th e  f r u i t ,  th e r e  i s  now re a so n a b le  ev id en ce  to  
su p p o r t th e  in  s i t u  s y n th e s is  o f c i t r i c  and m a lic  a c id s  (B user and 
M a ti le ,  1977)» The predom inant a c id  in  r ip e  tom atoes i s  c i t r i c  a c id  
which can re a c h  a c o n c e n tra t io n  o f llOmeq/lOOg d ry  w e ig h t ( J e f f e r y  
e t  a l . ,  1984)» M alic a c id  i s  th e  n e x t abundant a c id  (D av ies , I 964 ) ;  
w h ile  o th e r  a c id s  such  a s  a c e t i c ,  fo rm ic , l a c t i c  and fum aric  a re  
p re s e n t  in  low c o n c e n tra t io n s  (B rad le y , I 96O ). The th r e e  o x o ac id s— 
* .-o x o g lu ta r ic ,  p / ru v ic  and d ih y d r o x y ta r ta r ic — a r e  p re s e n t  in  
canned tom ato  ju ic e  in  ex trem ely  low c o n c e n tra t io n  (0 .0002-0.002% ) 
(Hamdy and G ould, I 962) .
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Tomato v a r i e t i e s  can vary  g r e a t ly  in  a c i d i ty  S im andle 
e t  a l . ,  (1966) and E n g lis h  v a r i e t i e s  grown u n d er com parable 
c o n d i t io n s  d i f f e r  f a r  more in  a c i d i ty  th a n  in  su g a r  c o n te n t (D avies 
and W insor, 1969)* Indeed  D avies ( I 965) su g g e s te d  th a t  th e  
m a l i c * c i t r i c  a c id  r a t i o  was a v a r i e t a l  a t t r i b u t e .  In  many 
v a r i e t i e s ,  t o t a l  a c i d i t y  in c re a s e s  d u r in g  r ip e n in g  u n t i l  th e  
b r e a k e r  s ta g e ,  fo llo w ed  by a p ro g re s s iv e  d e c re a se  in  a c i d i t y  (W insor 
e t  a l . , 1962) .  (W insor e t  a l . ,  1962; Sakiyam a, I 966) a r e  in  
ag reem en t t h a t  th e  t i t r a t a b l e  a c i d i ty  o f th e  o u te r  p e r ic a r p  w a lls  
i s  low com pared to  t h a t  o f th e  lo c u la r  c o n te n ts .  T here i s  now 
g e n e ra l  agreem ent t h a t  m a lic  a c id  c o n c e n tra t io n  f a l l s  d u rin g  
r ip e n in g  w h ile  c i t r i c  a c id  in c re a s e s  up to  th e  b re a k e r  s ta g e  and 
e i t h e r  f a l l s  o r  e x h ib i t s  no s i g n i f i c a n t  change (D av ies , I 966 ; 
C aran g e l e t  a l . ,  1954)» T here has been  one r e p o r t  t h a t  b o th  c i t r i c  
and m a lic  a c id s  in c re a s e d  th ro u g h o u t m a tu ra tio n  and r ip e n in g ;  
t i t r a t a b l e  a c i d i t y  ro s e  u n t i l  th e  f r u i t  changed c o lo u r  and th e n  
d e c l in e d  s lo w ly  (D a la i e t  a l . ,  I 966) .  D avies and W insor ( I 967 ) 
r e p o r te d  t h a t  th e  a c i d i t y  o f  th e  tom ato i s  in c re a s e d  by n i t r o g e n  
and d e c re a se d  by p h o sp h a te , w h ile  D avies ( I 964 ) r e p o r te d  t h a t  t h i s  
i s  s p e c i f i c a l l y  t r u e  f o r  m a lic  and c i t r i c  a c id  c o n c e n t r a t io n s .
The form  in  w hich n i t r o g e n  i s  a p p l ie d  h as  a marked e f f e c t  on th e  
a c i d i t y .  I f  n i t r o g e n  i s  a p p l ie d  in ' th e  form  o f ammonia, th e  
a c i d i t y  i s  l e s s  th a n  i f  n i t r a t e - n i t r o g e n  i s  a p p l ie d  (C arangal 
e t  a l . ,  19545 Sakiyam a, I 967) .  D avies ( I 964) and D avies and 
W insor ( 1967) r e p o r te d  t h a t  h ig h  n i t r o g e n ,  co u p led  w ith  h ig h  
p o ta ss iu m , i s  p a r t i c u l a r l y  fa v o u ra b le  f o r  h ig h  a c i d i t y .  Calcium  
and magnesium a p p e a r  to  have l i t t l e  e f f e c t  on a c i d i ty  (B rad ley ,
1962) ;  how ever, Sakiyama ( I 966) r e p o r te d  th a t  h ig h  po tassium
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com bined w ith  h ig h  ca lc ium  d e c re a se d  a c i d i t y .
P o s s ib le  R outes o f  C i t r a t e  and M alate  M etabolism
The fo llo w in g  scheme (page 17) in d ic a te s  th o s e  r e a c t io n s  in v o lv e d  
in  th e  s y n th e s is  and u t i l i s a t i o n  o f  c i t r a t e  and m a la te .
I ^ ru v a te  dehydrogenase c a ta ly s e s  th e  c o n v e rs io n  o f  
p y ru v a te  to  ace ty l-C oA  ( l ) .  C i t r a t e  sy n th a s e  (2 ) c a ta ly s e s  th e  
c o n d e n sa tio n  o f  ace ty l-C oA  w ith  o x a lo a c e ta te  to  form  c i t r a t e .  
U t i l i s a t i o n  o f c i t r a t e  can be  accom plished  v ia  a c o n i ta s e  ( 3 ) ,  
i s o c i t r a t e  dehydrogenase  (4 ) a n d o L -o x o g lu ta ra te  dehydrogenase  (5 ) .  
I s o c i t r a t e  may be s p l i t  by  i s o c i t r a t e  ly a s e  to  y i e ld  g ly o x y la te  
and s u c c in a te  ( 6 ) .  R e a c tio n s  (7 ) and ( 8 ) ,  m a la te  sy n th a s e  and 
fumar a s e ,  c a ta ly s e  th e  fo rm a tio n  o f  m a la te , w h ile  i t s  rem oval i s  
a c h ie v e d  by  m a la te  dehydrogenase (9 ) and m a lic  enzyme (1 0 ) .  
A d d i t io n a l ly ,  c i t r a t e  can be s p l i t  to  g iv e  o x a lo a c e ta te  and 
ace ty l-C oA  ( l l )  by ATP-dependent c i t r a t e  ly a s e  w hich has b een  
shown to  be p re s e n t  in  mango f r u i t  (M attoo and Modi, 1970 ). 
O x a lo a c e ta te  can be r e p le n is h e d  v ia  th e  a n a p le r o t i c  r e a c t io n  
c a ta ly s e d  by phosph o en o lp y ru v a te  c a rb o x y la se  (1 2 ) , in  a d d i t io n  
to  b e in g  tra n s a m in a te d  to  y ie ld  a s p a r t a t e  (13 )•
E x a c tly  w here w ith in  th e  c e l l  c i t r a t e  accu m u la tes  ic  
n o t known, a lth o u g h  i t  has alw ays been  assum ed t h a t  th e  s i t e  o f 
acc u m u la tio n , i f  n o t s y n th e s is ,  i s  th e  v a c u o le . Many m ature 
f r u i t  c o n ta in  some o f th e  l a r g e s t  v a c u o la te d  c e l l s  found in  th e  
p la n t  kingdom and t h i s  may w e ll be r e le v a n t  to  th e  s to r a g e  o f 












P o s s ib le  ro u te s  o f c i t r a t e  and m a la te  m etabo lism  in  L yco p ersico n  
e scu len tu m .
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Mechanism o f C i t r a t e  A ccum ulation  in  O ther Organisms
R ep o rts  o f c i t r a t e  a c c u m u la tio n  in  o th e r  organism s a re  r e l a t i v e l y  
r a r e . However, u n d er th e  c o r r e c t  growth, c o n d it io n s  A s p e r g i l lus 
n i g e r  w i l l  e x c re te  c i t r a t e  i n to  th e  grow th medium, due to  a 
w eakly r e g u la te d  c i t r a t e  sy n th a s e  (K u tice k , I 98O ). B ogin and 
W allace ( I 966) have p roposed  a mechanism f o r  th e  acc u m u la tio n  o f  
c i t r a t e  in  C i t r us lim on com pared to  C i t ru s  L im e t to id e s . The 
a u th o rs  p roposed  an  in c re a s e d  s y n th e s is  o f  c i t r a m a la te  in  C> lim on 
compared to  C. l im e t to id e s  due to  enhanced CO  ^ f ix a t io n  by 
ph o sp h o en o lp y ru v a te  c a rb o x y la s e ,  and h ig h  p y ru v a te  a m in a tio n , th u s  
re d u c in g  th e  p y ru v a te  poo l and th e  fo rm a tio n  o f th e  c i t r a m a la te  
p re c u r s o r  p a ra p y ru v a te  in  C« l i m e t to id e s . C itra m a la te  i s  a 
c o m p e tit iv e  i n h i b i t o r  o f  a c o n i ta s e  and would th e r e f o r e  d e c re a se  
th e  u t i l i s a t i o n  o f c i t r a t e  v ia  th e  c i t r i c  a c id  c y c le .
H ir a i  and Ueno (1977) examined s e v e r a l  enzymes o f th e  
c i t r i c  a c id  c y c le  from th e  ju i c e  v e s ic l e s  o f r ip e n in g  Satsum a 
m andarin  and sw eet lim e- Both th e s e  f r u i t  a r e  n o n - c l im a c te r ic .
In  p a r t i c u l a r ,  th ey  exam ined c i t r a t e  s y n th a s e , m a la te  
dehyd rogenase , m a lic  enzyme, HAI)-linked i s o c i t r a t e  dehydrogenase 
and p h o sp h oeno lpy ruvate  c a rb o x y la s e .  They were a b le  to  show fo u r  
d i s t i n c t  s ta g e s  d u rin g  r ip e n in g .  S tag e  1 was marked by ra p id  
in c re a s e s  in  a l l  enzjTra a c t i v i t i e s ,  EHA and p r o te in  c o n c e n tr a t io n .  
D uring  S tag e  2, enzyme a c t i v i t i e s  rem ained c o n s ta n t  b u t th e  f r e s h  
w eigh t in c re a s e d  tw o -fo ld  and a c id  acc u m u la tio n  v/as most 
prom inen t d u r in g  t h i s  s t a g e .  In  S tag e  3 , th e  a c t i v i t i e s  of 
c i t r a t e  sy n th a se  and m a la te  dehydrogenase in c i-eased  f o u r - f o ld  as  
d id  RNA and p ro te in  l e v e l s ,  b u t a c id  in c re a s e s  were n e g l ig ib l e ;
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t h i s  s ta g e  was c o n s id e re d  th e  m a tu ra tio n  s ta g e .  F in a l ly ,  S tag e  4 
was c o n s id e re d  th e  sen escen ce  s ta g e ;  NAD-liril;ed i s o c i t r a t e  
dehydrogenase a c t i v i t y  in c re a s e d  w h ile  th e  a c t i v i t i e s  o f 
phosph o en o lp y ru v a te  c a rb o x y la se  and m a lic  enzyme d ec re ase d  
s l i g h t l y  and HHA and c i t r a t e  c o n c e n tra t io n s  d e c re a se d  
c o n s id e ra b ly .
E l ia s  and G ivan (1977) d em o n stra ted  th e  p re sen ce  o f 
NADP-1inked i s o c i t r a t e  dehydrogenase in  c h lo ro p la s ts  o f P isu m 
sa tiv u m . However, c i t r a t e  sy n th a se  co u ld  n o t b e  d e te c te d ,  n e i t h e r  
co u ld  th e  a u th o rs  d e te rm in e  th e  so u rc e  o f c h lo r o p la s t i c  
i s o c i t r a t e .  S in ce  a c o n i ta s e  i s  n o t p re s e n t  in  c h lo r o p la s t s ,  
i s o c i t r a t e  i s  p ro b ab ly  m e ta b o lis e d  to o L r-o x o g lu ta ra te  a s  a 
p re c u rs o r  f o r  amino a c id  s y n th e s i s .
Mechanism o f C i t r a t e  and M alate  A ccum ulation  in  L . escu len tum
A part from th e  l a b e l l i n g  s tu d ie s  o f  Wang e t  a l . (1953) th e re  
e x i s t s  l i t t l e  ev idence  on th e  mechanism o f  accu m u la tio n  o f  c i t r i c  
and m a lic  a c id s  in  L . e scu le n tu m . D avies and Maw (1972) in j e c te d  
tom atoes c u l t i v a r  C r a ig e l la  w ith  m a la te  and c i t r a t e  and 
m on ito red  t h e i r  m etabolism  over a 72 -h o u r p e r io d .  As th e  f r u i t  
changed c o lo u r  from g re e n  to  r e d , th e  e x te n t  o f  c i t r i c  a c id  
o x id a tio n  to  CO  ^ dropped to  l e s s  th a n  h a l f  th e  v a lu e  found in  
g reen  f r u i t .  M alic a c id ,  how ever, was o x id ise d  t o  CO  ^ and 
co n v erted  to  c i t r i c  a c id  eq^ually in  b o th  g reen  and re d  f r u i t .
With in c re a s in g  r ip e n e s s ,  a s p a r t i c  and g lu tam ic  a c id  
c o n c e n tra t io n s  in c r e a s e d .
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Doyle and Wang ( I 960) produced ev idence  from  s tu d ie s  
u s in g  ^ - l a b e l l e d  g ly o x y la te ,  im p lic a t in g  m a la te  s y n th a s e  in  tho 
fo rm a tio n  o f  m a la te . However, th e se  a u th o rs  cou ld  n o t
d e f i n i t e l y  e s t a b l i s h  th e  p re sen ce  o f i s o c i t r a t e  ly a s e .
P r a t t  e t  a l . ( I 965 ) r e p o r te d  a sm a ll in c re a s e  in  th e  
a c t i v i t y  o f  NADP-linked m a lic  enzyme d u r in g  th e  c l im a c te r ic  on 
th e  v in e  b u t  no s i g n i f i c a n t  in c re a s e  when th e  f r u i t  w ere s to r e d  
a t  15- 20^0 . HADP-linked i s o c i t r a t e  dehydrogenase  a c t i v i t y  
in c re a s e d  s l i g h t l y  over th e  c l im a c te r ic  b u t  th e  o v e r a l l  a c t i v i t y  
was lo w •
Sw ardt and Duvenage ( I 97I )  fo llo w ed  th e  a c t i v i t y  o f
m a la te  dehydrogenase in  th e  p e r ic a r p  t i s s u e  o f r ip e n in g  tom atoes
c u l t i v a r  B eau ty . The a u th o rs  found a 75^ f a l l  in  th e  s p e c i f i c  
a c t i v i t y  o f m a la te  dehydrogenase betw een th e  m ature g re e n  and re d  
s t a g e s .  D uring  th e  same p e r io d , th e re  was a 6056 f a l l  in  th e  t o t a l  
t i t r a b l e  a c i d ty .  I t  was conc lu d ed , " t h a t  nornial r ip e n in g  o f 
c l im a c te r ic  f r u i t s  i s  a s s o c ia te d  w ith  a changeover in  m e ta b o lic  
p a th w ay s" ,
Aims o f  th e  I n v e s t ig a t io n
No q u a n t i t a t iv e  enzym olog ical s tu d y  o f c i t r i c  and m a lic  a c id  
m etabo lism  w ith in  th e  tom ato f r u i t  has p re v io u s ly  been  u n d er­
ta k e n .  I t  was th e r e f o r e  proposed  to  e x p lo re  th e  enzymology of 
th e s e  a c i d s .  I t  was p lanned  to  in v e s t ig a t e  enzyme a c t i v i t i e s  a t  
d i f f e r e n t  s ta g e s  o f f r u i t  developm ent an d , in  p a r t i c u l a r ,  th o se  
enzymes c a ta ly s in g  th e  s y n th e s is  and d e g ra d a tio n  o f m a lic  and
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c i t r j . c  a c id s ,  i . e .  m a la te  dehydrogenase , c i t r a t e  s y n th a s e ,  
N A D (P)-linked i s o c i t r a t e  dehydrogenase , H A D (P)-linked m a lic  
enzyme and p y ru v a te  dehydrogenase would he m easured a s  would 
th e  c o n c e n tr a t io n s  o f th e  r e le v a n t  a c i d s . These m easurem ents 
sh o u ld  d e f in e  a trend, o f  a c id  c o n c e n tra t io n  and enzyme a c t i v i t y  
changes d u r in g  th e  r ip e n in g  p e r io d .  The u se  o f  th e  gas 
atm osphere s to r a g e  f a c i l i t i e s  a t  Long A shton R esearch  S ta t io n  
would he in v a lu a b le  f o r  th e s e  e x p e rim e n ts . I t  was a l s o  
p lanned  to  p u r i fy  and exam ine th e  r e g u la to r y  p r o p e r t ie s  o f  th o s e  
enzymes e x h ib i t in g  s i g n i f i c a n t  changes in  s p e c i f i c  a c t i v i t y  
d u r in g  th e  r ip e n in g  p e r io d .
A lthough  th e  s i t e  o f a c id  s y n th e s is  i s  assumed to  b e  
th e  m ito ch o n d rio n , no c o n c re te  d a ta  a r e  a v a i l a b l e ,  n o r  a r e  th e r e  
any d a ta  c o n c e rn in g  th e  fu n c t io n  o f  o th e r  o rg a n e l le s  in  c i t r i c  
and m a lic  a c id  m e tab o lism . S u b - c e l lu la r  f r a c t i o n a t io n  s tu d ie s  
o f th e  tom ato w ere th e r e f o r e  u n d e rta k e n  to  d e te rm in e  th e  s i t e  
o f  s y n th e s is  o f  th e s e  a c id s  and to  a s c e r t a in  i f  any i n t e r ­
r e la t io n s h ip s  e x i s t  betw een c e l l u l a r  o rg a n e l le s  t h a t  cou ld  
in f lu e n c e  th e  r e g u la t io n  o f c i t r i c  and m a lic  a c id  m etabo lism  
d u rin g  tom ato f r u i t  developm ent.
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MATERIALS AND METHODS
L y co p e rsico n  escu len tum  cvo S o n a tin e  were s u p p lie d  by D r. Po
Goodenough, Long A shton R esea rc h  S ta t io n  
and purchased  from Tanyard N u r s e r ie s ,
Lower W eare, S o m erse t,
c v . M arathon w ere a l s o  s u p p lie d  by
Tanyard N u r s e r ie s .
c v , S a rin a .. were s u p p lie d  by S tou rbank  
N u rse ry , Wimboume, D o rse t .
M a te r ia ls  P ro te in s  and ch em ica ls  u sed , t h e i r  so u rce
and p u r i ty  were a s  fo llo w s  
A crylam ide ( s p e c ia l ly  p u r i f i e d  f o r  e l e c t r o p h o r e s is )  -  P iso n s  and B .D .H ., 
A ld o la se  — Sigma Chem ical C o ., Amicon M atrez G el(Red A, B lue A and 
Orange A) — Amicon C o rp ., B io-Rad P ro te in  A ssay K it -  B io -R a d .,
C arbon ic A nhydrase (bov ine e ry th ro c y te s )  -  Sigma Chem ical C o .,
C a ta la se  (b e e f  l i v e r )  -  B o e h rin g e r, Chym otrypsinogen A -  B o e h rin g e r , 
C i t r i c  A cid D e te rm in a tio n  K it  -  B o eh rin g e r, F e r r i t i n  (h o rse  s p le e n )  -  
B o e h rin g e r , G lycera ldehyde  3 -Phosphate dehydrogenase -  B o eh rin g e r, 
L a c ta te  dehydrogenase ( r a b b i t  m uscle) -  B o e h rin g e r, M alate 
D ehydrogenase (p ig  h e a r t )  -  B o eh rin g e r, M alic A cid  D e te rm in a tio n  K it  -  
B o e h rin g e r, M orpho linopropanesu lphon ic  A cid -  Sigma Chem ical C o ,,
N, N -  b i s (2 -  H ydroxyethy l) G lycine  -  Sigma Chem ical C o ., N -  2 -  
H y d ro x y e th y lp ip e ra z in e -  N -  2 -  E th an esu lp h o n ic  A cid -  Sigma Chem ical 
C o ., P e r c o l l  -  Pharm acia F in e  Chem icals AB., P y ru v a te  D ehydrogenase 
(E . c o l i ) -  a g i f t  from D r. M .J.D anson, RNA -  Polym erase (E . c o l i ) -  
B o eh rin g e r, T ry p sin  I n h ib i to r  (soya bean) -  B o e h rin g e r , O ther
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g e n e ra l  ch em ica ls  and su n d r ie s  were s u p p lie d  by F is o n s ,
Sigma and P harm ac ia ,
B u ffe rs
E x t r a c t io n  B u ffe r
lOQmM MOPS, lOOmM BICIHE c o n ta in in g  PVP and 3mM EDTA, pH 8 ,3 ,  
M ito c h o n d ria l E x t r a c t io n  B u ffe r
300mM s u c ro s e , 2mM EDTA, lOOmM MOPS, lOQmM BICHTE, 2mM magnesium 
s u lp h a te  and b o v in e  serum  album in ( f a t t y  a c id  f r e e )  a t  0 .75m g/m l, 
a l l  a d ju s te d  to  pH 8 .0
C h lo ro p la s t  E x t r a c t io n  B u ffe r
300mM s u c ro s e ,  2mM EDTA, lOOmM MOPS, lOOmM BICINE, ImM manganese 
c h lo r id e ,  ImM magnesium c h lo r id e ,  ImM sodium  p y ro p h o sp h a te , 
a s c o rb ic  a c id  and 5i°M g lu ta th io n e  a l l  a d ju s te d  to  pH 8 .0 .
P e r c o l l  D i lu t io n  B u ffe r
230niM s u c ro s e ,  PEG 8000, lOmM MOPS and b o v in e  serum album in 
( f a t t y  a c id  f r e e )  a t  0 a l l  a d ju s te d  to  pH 7*5*
G en era l P o in ts  to  C o n sid er When E x t r a c t in g  From P la n t  T issu e
P la n t  t i s s u e s  o f te n  c o n ta in  la rg e  q u a n t i t i e s  o f v a r io u s  secondary  
p ro d u c ts ,  s e v e r a l  o f w hich can be u t i l i s e d  as  s u b s t r a t e s  by th e  
u b iq u i to u s  pheno l o x id a se s .  P la n t c e l l s ,  u n l ik e  t h e i r  an im al 
c o u n te r p a r ts ,  n o rm ally  c o n ta in  a t h in  s t r i p  o f  p ro to p lasm  squeezed  
betw een th e  to n o p la s t  and th e  c e l l  w a l l ; a p la n t  c e l l  th e r e f o r e  
c o n s i s t s  m ain ly  o f  n o n -p ro to p la sm ic  m a te r ia l  o f which th e  v a c u o la r
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c o n te n ts  c o n s t i t u t e  th e  m a jo r i ty .  U n less p re c a u tio n s  a r e  ta k e n  when 
th e  c e l l  i s  ru p tu re d ,  enzymes and seco n d ary  m e ta b o li te s  which a re  
n o rm a lly  s e p a ra te d  in  v iv o  by c o m p a r tm e n ta lis a tio n  mix f r e e l y ,  o f te n  
w ith  c a ta s t r o p h ic  r e s u l t s .
The r e a c t io n  o f  p la n t p h e n o lic s  w ith  p ro te in s  f a l l  in to  
two g ro u p s : ( l )  hydrogen bond ing  -  betw een th e  hyd ro x y l g roup  o f
th e  pheno l and th e  oxygen atom o f  th e  p e p tid e  bond; (2 ) o x id a tio n  
to  q u in o n e s , w hich in  tu rn  can o x id is e  f u n c t io n a l  p r o te in  g ro u p s . 
Q uinones a r e  pow erfu l o x id is in g  a g e n ts  which te n d  to  p o ly m erise ; 
th e y  condense r e a d i ly  by 1 ,4 - a d d i t io n  w ith  th e  t h i o l  and amino 
g roups o f p r o te in s ,  fo rm ing  th e  brow ning r e a c t io n  o f te n  se e n  in  p la n t  
e x t r a c t s .  The p la n t  b io c h e m is t now has s e v e r a l  means a t  h i s  d is p o s a l  
to  c o u n te ra c t  th e  problem s posed by p la n t  seco n d ary  p ro d u c ts ;  th e s e  
in c lu d e  re d u c in g  a g e n ts  such  as  d i t h i o t h r i e t o l ,  m e rc ap to e th an o l and 
a s c o rb a te  w hich r e a c t  w ith  any qu inones formed by o x id a tio n  and e f f e c t  
r e d u c t io n  b ack  to  p h e n o ls . Polym ers such  a s  PVT (b o th  s o lu b le  and 
in s o lu b le )  a r e  used  to  ad so rb  pheno ls and q u in o n e s . Even s o , th e r e  i s  
no s ta n d a rd  e x t r a c t io n  p ro ced u re  and o p tim a l i s o l a t i o n  te c h n iq u e s  
v a ry  depending  on th e  s p e c ie s  o f p la n t  u nder s tu d y .
E x p erim en ta l T rea tm en t o f F r u i t ,  S to ra g e  E xperim ent
Four hundred and f i f t y  k ilo g ram s o f S o n a tin e  w ere p ick ed  a t  th e  m ature 
g reen  s ta g e  ( f u l l y  expanded f r u i t  w ith  m ature seed s  b u t  no lo s s  o f 
g reen  c o lo u r ) ,  washed a t  46°C f o r  2 min and d r i e d .  T h is  p rocedu re  
h e lp s  p re v e n t su b seq u en t fu n g a l a t t a c k  in  th e  s to r e ( S te a d  and 
Goodenough, u n p u b lish e d  d a t a ) .  The f r u i t  were p la ced  in  a s e a le d  
s to ra g e  chamber c o n ta in in g  6^ CO^, 6^ 0^ and 88^ The r e l a t i v e
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h u m id ity  and te m p e ra tu re  were r e s p e c t iv e ly  98^  and 12°C. Gas 
c o m p o sitio n  was m onito red  hy in f r a - r e d  a n a ly s i s  f o r  CO^, and 
p a ram ag n e tic  oxygen a n a l y s i s .  The m o n ito r in g  d e v ic e s  o p e ra te d  so le n o id  
sw itc h e s  co n n ec ted  to  CO  ^ and r e s e r v o i r s  and th e  gas com p o sitio n  
was m a in ta in e d  a u to m a t ic a l ly .  B re a th in g  a p p a ra tu s  was worn d u rin g  
sam p lin g , to  red u ce  p e r tu r b a t io n  o f th e  gas a tm osphere  t o  a minimum.
T rea tm en t o f  F r u i t  in  E xperim ents w ith  o r  w ith o u t E th y le n e
Ten k ilo g ra m s o f  m atu re  g re e n  f r u i t  were p la ced  in  an  u n se a le d  ta n k  
( 200x200x100cm )• The f r u i t  were p la ced  on two m e ta l ra c k s  w hich gave 
a s in g le  l a y e r  o f  f r u i t  on each  r a c k , th u s  a l lo w in g  th e  e scap e  o f  CO  ^
th ro u g h  v e n ts  in  th e  bottom  o f th e  ta n k .  The ta n k  was co n n ec ted  to  
an  a i r f lo w  o f  ^Oml/h. to  p ro v id e  a s l i g h t  p o s i t iv e  p re s s u re  and 
m a in ta in  an  am bien t a tm o sp h ere . Oxygen and carbon  d io x id e  were 
m o n ito red  d a i l y .
A f u r t h e r  te n  k ilo g ram s o f f r u i t  were p la ced  in  a s e a le d  g la s s  
ta n k  c o n ta in in g  p o tass iu m  hy d ro x id e  s i t u a t e d  below  th e  f r u i t  to  remove 
COgS th e  a tm osphere  in  t h i s  ta n k  was supp lem ented  w ith  e th y le n e  to  
g iv e  a f i n a l  c o n c e n tr a t io n  o f 2 7 li l / l*  T h is  ta n k  was opened d a i ly  and 
f r e s h  e th y le n e  was added a f t e r  f lu s h in g  w ith  a i r .  B oth ta n k s  were k e p t 
a t  am bien t te m p e ra tu re  (22°C) and s to r e d  in  s e p a r a te  room s.
P r e p a ra t io n  o f Crude E x tra c ts
A ll  e x t r a c t i o n  p ro ced u res  were perform ed a t  0 -  4^ 0 and a l l  g la ssw are  
and c e n t r i f u g e  r o to r s  were p re -c o o le d .  Washed sam ples o f  tom ato f r u i t  
were c u t i n to  sm a ll p ie c e s  and homogenised a t  f u l l  speed  f o r  15sec
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i n  a Waring b l e n d e r  c o n t a i n i n g  the e x t r a c t i o n  b u f f e r  a t  a 1 :1  w/v
r a t i o .  The r e s u l t i n g  homogenate was s t r a i n e d  t h ro u g h  f o u r  l a y e r s
o f  m u s l i n  and spun a t  20 ,000  x g f o r  15 min i n  e i t h e r  a Beckmanmax ^
J21B o r  a Dupont S o r v a l l  RC-5B c e n t r i f u g e .  The s u p e r n a t a n t  was used  
f o r  enzyme a s s a y s .
E t h a n o l  E x t r a c t i o n  o f  C i t r i c  and Mali c  Acid
Samples  were c u t  i n t o  s l i c e s  and e x t r a c t e d  i n  b o i l i n g  e t h a n o l  (80^)  
f o r  15 m in .  The s o l i d s  were t h e n  c o n t i n u o u s l y  e x t r a c t e d  i n  t h e  same 
s o l v e n t  f o r  24h i n  a S o x h l e t  d i s t i l l a t i o n  s t i l l .  The volume o f  I b e  
e x t r a c t  was reduc e d  i n  a r o t a r y  e v a p o r a t o r ,  made up t o  100ml w i t h  
e t h a n o l  and used  f o r  c i t r i c  and m a l i c  a c i d  d e t e r m i n a t i o n s .
C i t r i c  Acid  D e t e r m in a t io n
C i t r i c  a c i d  c o n c e n t r a t i o n  was d e te r m in e d  u s i n g  a B o e h r i n g e r  k i t  
c o n s i s t i n g  o f  12 u n i t s  of  c i t r a t e  l y a s e ,  I 36 u n i t s  o f  m a l a t e  
d e h y d ro g e n a s e ,  284 u n i t s  of  l a c t a t e  d e h yd roge na se ,  6.0mg o f  NADH 
and l , 4 g  o f  l y o p h i l i s e d  g l y c y l g l y c i n e  b u f f e r  pH 7 ,80  C i t r a t e  i s  
c l e a v e d  by c i t r a t e  l y a s e  t o  y i e l d  o x a l o a c e t a t e  and a c e t a t e  i n  
r e a c t i o n  1:
lo  c i t r a t e  -------  ^ o x a l o a c e t a t e  + a c e t a t e
i n  t h e  p r e s e n c e  o f  l a c t a t e  dehydrogenase  and m a l a t e  d e h y d ro g e n a s e ,  
o x a l o a c e t a t e  and i t s  d e c a r b o x y l a t i o n  p ro d u c t  p y r u v a t e  a r e  redu(:e(l 
t o  m a l a t e  and l a c t a t e  w i th  t h e  c o n c u r r e n t  o x i d a t i o n  o f  HADE i n  
r e a c t i o n s  2 and 3 :
2 .  o x a l o a c e t a t e  + HADE + --------> m a l a t e  + HAD^
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3* py ru v a te  + NADH + H"*"-------  ^ l a c t a t e  + NAD**"
The amounts o f NADH o x id ise d  in  r e a c t io n s  2 and 3 a r e  s to ic h io m e tr ic  
w ith  th e  o r ig i n a l  amount o f c i t r a t e .  The r e a c t io n  was m on ito red  a t  
340nra a g a in s t  a b la n k  c o n ta in in g  e v e ry th in g  ex cep t e x t r a c t .  The 
ab so rb an ce  was read  a t  t+ 0  m in, c i t r a t e  ly a s e  was th e n  added and 
th e  r e a c t io n  was a llo w ed  to  go to  co m ple tion  a t  t+10 m in, when th e  
change in  ab so rb an ce  was n o te d .  C i t r i c  a c id  c o n c e n tra t io n  (c )  in  
g / l  was c a lc u la te d  in  th e  fo llo w in g  way:
V • M  • A 
c = — — — —
d  • V • 1000
w here V at f i n a l  v o l .  (m l)
V = sam ple v o l .  (ml)
MW = m o lecu la r  w eigh t o f c i t r a t e  
d = l i g h t  p a th  in  cm 
£  = a b s o rp tio n  c o e f f i c i e n t  o f NADH 
A = change in  ab so rb an ce  (t+ 0  -  t+ lO )
M alic  Acid D e te rm in a tio n
M alic  a c id  was de te rm in ed  u s in g  a B o eh rin g e r k i t  c o n s is t in g  o f  2400 
u n i t s  o f m ala te  dehydrogenase , 160 u n i t s  o f  g lu ta m a te  -  o x a lo a c e ta te  
tra n sa m in a se , 4A0ing o f L -  g lu tam a te  and 30ml o f  g ly c y lg ly c in e  b u f f e r  
pH 10 . The r e a c t io n  p roceeds as fo llo w s :
1 .  m a la te  + NAD*^  > o x a lo a c e ta te  + NADH + H*^
2 . o x a lo a c e ta te  + g lu ta m a te  » a s p a r t a t e  + o O -o x o g lu ta ra te .
The e q u i l ib r iu m  o f r e a c t io n  1 i s  in  fa v o u r  o f m a la te  fo rm a tio n  b u t 
th e  rem oval o f  o x a lo a c e ta te  from th e  system  by r e a c t io n  2 d is p la c e s  
th e  e q u i l ib r iu m  in  fa v o u r  o f o x a lo a c e ta te .  The amount o f NADH formed 
i s  s to ic h io m e tr ic  w ith  th e  o r ig in a l  amount o f m a la te .  The r e a c t io n  
was m o n ito red  a t  340nm a g a in s t  a b la n k  c o n ta in in g  e v e ry th in g  ex cep t 
e x t r a c t ;  th e  m a la te  c o n c e n tr a t io n  was c a lc u la te d  a s  f o r  c i t r a t e ,  above.
C h lo ro p h y ll E s tim a tio n
C h lo ro p h y ll was e s tim a te d  by th e  method o f  A inon (1949)® C h lo ro p h y ll 
su sp e n s io n  was added to  4 *5Ml o f  d i s t i l l e d  w a te r  and 20ml o f
a c e to n e .  The s o lu t io n  was s t i r r e d  f o r  lOmin and th e n  spun a t
15 ,000  X g^^ f o r  lOmin. The s u p e rn a ta n t  was used  f o r  c h lo ro p h y ll  
e s t im a t io n .  C h lo ro p h y ll c o n c e n tra t io n  (c ) in  mg/ml was c a lc u la te d  
from  th e  fo l lo w in g :
C = 2 0 . 2D ^ ^  + 8 . 02D^g^ X d i l u t i o n  f a c t o r
1000 X  i n i t i a l  v o l .
w here D . a n d  D , a r e  th e  ab so rb an ces  a t  645 and 663nm r e s p e c t iv e ly .  
5 4 5  D O j
P ro te in  E s tim a tio n
P r o te in  was m easured by th e  method o f  B rad fo rd  (1 9 7 6 ). To 100;il o f 
e x t r a c t  were added ^ml c f  s u i t a b ly  d i lu te d  B io-Rad r e a g e n t .  The 
s o lu t io n  was mixed g e n t ly  and th e  abso rb an ce  re a d  a t  595^^  a g a in s t  
an a p p ro p r ia te  b la n k .  P ro te in  was e s tim a te d  from a s ta n d a rd  curve 
u s in g  th y ro g lo b u l in  a s  s ta n d a rd .
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Enzyme A ssays
C i t r a t e  S y n th a se (EC 4 . 1 . 3 .? )
C i t r a t e  sy n th a s e  was a ssay ed  hy th e  method o f S re re  e t  a t . (1963) .
The a s s a y  m ix tu re  c o n ta in e d  th e  fo llo w in g : MOPS, pH 7 , 9 ,
0.2mM ace ty l-C o A , O.lmM DTIfB and 5(^1  e x t r a c t . The r e a c t io n  was 
s t a r t e d  by th e  a d d i t io n  o f 0.2mM o x a lo a c e ta te  to  make a t o t a l  volume 
o f 1 .0 m l. The change in  ab so rb an ce  was fo llo w ed  a t  412nm w ith  
e i t h e r  a  P e rk in  Elm er 504 o r  a I^ e  Unicam SPI8OO sp e c tro p h o to m e te r  
a t  30°Co A m olar a b s o rp tio n  c o e f f i c i e n t  o f  1 3 .6  x 10^ l*m ol ^*cm ^ 
was u sed  to  c a l c u la te  th e  a c t i v i t y .  One u n i t  o f a c t i v i t y  i s  th a t  
amount o f  enzyme c a ta ly s in g  th e  l i b e r a t i o n  o f l.O pm ole o f CoA p e r 
min u n d e r a s s a y  c o n d i t io n s .
M alate  D ehydrogenase (EC 1 . 1 . 1 . 37 )
M alate  dehydrogenase  was a ssay ed  s p e c tr o p h o to m e t r ic a l ly . The r e a c t io n  
m ix tu re  c o n ta in e d  th e  fo llo w in g : 50^^ MOPS, pH 7*9? 0.4niM NADH and
1(^1 o f e x t r a c t .  The r e a c t io n  was s t a r t e d  by th e  a d d i t io n  o f  0.2mM 
o x a lo a c e ta te  to  make a f i n a l  volume o f  1 .0 m l. The o x id a tio n  o f 
NADH was re c o rd e d  c o n tin u o u s ly  a t  340ruri and a m o lar a b s o rp tio n  
c o e f f i c i e n t  o f 6 .2 2  x 10^ I 'm o l ^*cm ^ was used  to  c a l c u la te  th e  
a c t i v i t y .  One u n i t  o f a c t i v i t y  i s  t h a t  amount o f  enzyme c a ta ly s in g  
th e  o x id a t io n  o f l . C ^ o l e  o f NADH p e r min u n d er a ssa y  c o n d i t io n s .
NADP-l i nked M alic Enzyme (EC 1 .1 .1 ,4 0 )
M alic enzyme was e s tim a te d  in  a r e a c t io n  m ix tu re  c o n ta in in g  50mM MOPS
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pH 7 . 0 , 5^  m a la te , 0.5mM NADP"^  and 5^^ Mn"^. The r e a c t io n  was 
s t a r t e d  hy th e  a d d i t io n  o f 100^1 o f e x t r a c t  to  make a f i n a l  volume 
o f 3 .0m l, and th e  ab so rb an ce  was m easured c o n tin u o u s ly  a t  340nm.
One u n i t  o f  a c t i v i t y  i s  th a t  amount o f  enzyme c a ta ly s in g  th e  
r e d u c t io n  o f  l ^ o l e  o f  NADP"^  p e r  min u n d er a s s a y  c o n d i t io n s .
NAD-linked M alic Enzyme (EC 1 . 1 . 1 . 38 )
T his enzyme was a ssay ed  as  above, ex cep t th a t  th e  r e a c t io n  m ix tu re  
was c o n ta in e d  in  1.0m l and th e  c o f a c to r  employed was NAD'*’.
NAD-1inked I s o c i t r a t e  D ehydrogenase (EC I . I . I . 4 I )
I s o c i t r a t e  dehydrogenase was a ssay ed  by a m o d if ic a t io n  o f  th e  method 
o f  Cox and D avies ( 1967) .  The r e a c t io n  m ix tu re  c o n ta in e d  th e  
fo llo w in g :
50mM MOPS, pH 7*6, 0.4mM NAD"*", 5™M Mh^ "*” and o f e x t r a c t .
The r e a c t io n  was s t a r t e d  by th e  a d d i t io n  o f  D L - is o c i t r a te  to  a f i n a l  
c o n c e n tra t io n  o f 2mM in  a t o t a l  volume o f  1m l. A m o lar a b s o rp tio n  
c o e f f i c i e n t  o f 6 .22  x 10^ I 'm o l ^ 'cm  ^ was used  to  c a l c u la te  th e  
a c t i v i t y .  One u n i t  o f a c t i v i t y  i s  d e f in e d  a s  t h a t  amount o f enzyme 
w hich c a ta ly s e s  th e  re d u c t io n  o f  Ipm ole o f  NAD"*" p e r min ’under a ssay  
c o n d i t io n s .
NADP-linked I s o c i t r a t e  D ehydrogenase (EC 1 . 1 .1 . 42 )
T h is  enzyme was a ssay ed  a s  above ex ce p t t h a t  th e  c o fa c to r s  employed 
were Mg^ **" and NADP"*".
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L a c ta te  D ehydrogenase (EC 1 .1 .1 ,2 7 )
L a c ta te  dehydrogenase was a ssay ed  s p e c to p h o to m e tr ic a l ly . The 
r e a c t io n  m ix tu re  c o n ta in e d  th e  fo llo w in g : 20mM tr i s - H C l ,  pH 3 .0 ,
0.2raM sodium p y ru v a te , 0.2mM NADH. The r e a c t io n  was s t a r t e d  hy th e  
a d d i t io n  o f 30jil o f  e x t r a c t  to  g iv e  a f i n a l  volume o f 1 .0 m l. The 
o x id a tio n  o f  NADH was reco rd ed  c o n tin u o u s ly  a t  340nra and a  m olar 
a b s o rp tio n  c o e f f i c i e n t  o f 6 .22  x 10^ I 'm o l ^'cm""^ was u sed  to  
c a l c u la te  th e  a c t i v i t y .  One u n i t  o f  a c t i v i t y  i s  t h a t  amount o f 
enzyme c a ta ly s in g  th e  o x id a tio n  o f Ijimole o f  NADH p e r  min u nder 
a s s a y  c o n d i t io n s .
NADP-linked G ly cera ldehyde  3 -  Phosphate  D ehydrogenase (EC 1 .2 .1 .9 )
T h is  enzyme was a ssay ed  by th e  method o f Jack so n  e t  a l » (1979)• The 
r e a c t io n  m ix tu re  (3 .0m l) c o n ta in e d  th e  fo l lo w in g : 67mM MOPS, pH 7 .3 ,
3.3mM A TP(di-sodium  s a l t ) ,  lOmM magnesium c h lo r id e ,  4raM EDTA,
139pM NADPH, 3.3}ig/nil o f p h o sp h o g ly ce ra te  k in a s e  and ImM DTT. The 
e x t r a c t  was in c u b a te d  in  th e  above m ix tu re  to  a llo w  a c t iv a t io n  and 
th e  r e a c t io n  was s t a r t e d  by th e  a d d i t io n  o f  3 -  p h o sp h o g ly c e ra te  ■ 
to  a f i n a l  c o n c e n tra t io n  o f ImM, One u n i t  o f a c t i v i t y  i s  t h a t  amount 
o f enzyme c a ta ly s in g  th e  o x id a tio n  o f Jjjimole o f NADPH p e r min u nder 
a s s a y  c o n d i t io n s .
G ly c o l la te  O xidase (EC I . I . 3 . I )
G ly c o l la te  o x id ase  was a ssay ed  by th e  method o f P e ie ra b a n d  and 
B eevers (1 9 7 2 ). The r e a c t io n  m ix tu re  ( 3 .0ml) c o n ta in e d  th e  
fo llo w in g : 33inM tr ie th a n o la m in e -H C l, pH 7*8, 2 .7mM EDTA, 0.67inM
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o x id ise d  g lu ta th io n e ,  0.2inM f l a v i n  m o n o n u c leo tid e , 3 .3mM 
phen y lh y d raz in e-H C l, pH 6 .8 ,  and e x t r a c t .  The r e a c t io n  was s t a r t e d  
hy th e  a d d i t io n  o f g ly c o l l i c  a c id  to  a f i n a l  c o n c e n tra t io n  o f  pmM. 
The a s s a y  was fo llo w ed  c o n tin u o u s ly  a t  324nm and a m olar a b s o rp tio n  
c o e f f i c i e n t  o f 1 .7  x lO'^ I 'm o l ^ 'cm  ^ was used  to  c a l c u la te  
a c t i v i t y .  One u n i t  o f  a c t i v i t y  i s  t h a t  amount o f enzyme c a ta ly s in g  
th e  fo rm a tio n  o f lyimole o f g ly o x y la te  pheny lhydrazone p e r  min u n d er 
a s sa y  c o n d i t io n s .
S u c c in a te  D ehydrogenase (EC 1 .3 .9 9 * 1 )
S u c c in a te  dehydrogenase was m easured by th e  method o f  M u lle r e t  a l . 
( 1968) .  The r e a c t io n  m ix tu re  (l.O m l) c o n ta in e d  th e  fo llo w in g :
2mM d ic h lo ro p h e n o lin d o p h e n o l, 30mM phenaz ine  m ethy l s u lp h o n a te ,  
l^mM po tassium  c y a n id e , lOOmM MOPS, pH 7*6, and e x t r a c t .  The 
r e a c t io n  was i n i t i a t e d  by th e  a d d i t io n  o f n e u t r a l i s e d  s u c c in ic  a c id  
to  a f i n a l  c o n c e n tra t io n  o f 6mM. The a s sa y  was fo llo w ed  
c o n tin u o u s ly  a t  600nm and a m olar a b s o rp tio n  c o e f f i c i e n t  o f
I .6 1  X 10^ I 'm o l ^ 'cm  ^ was used to  c a l c u la te  a c t i v i t y .  One u n i t  
o f a c t i v i t y  i s  t h a t  amount o f  enzyme c a ta ly s in g  th e  re d u c t io n  o f  
Ipimole o f  d ic h lo ro p h e n o lin d o p h e n o l p e r  min under a s s a y  c o n d i t io n s .
P y ru v a te  and <x.-Ox oglu t a  r a te  D ehydrogenase 
(EC 1 . 2 . 4 .1  and EC 1 .2 .4 * 2 )
S o lu tio n  A c o n ta in e d  th e  fo llo w in g : 40mg NAD'*', 5*3nig o f  TPP,
II .6 m g  o f MgClg and 14.3ml o f  200mM p o ta ss iu m  p h o sp h a te , pH 8 .0 ,  in  
40ml o f d i s t i l l e d  w a te r .
S o lu tio n  B c o n ta in e d  th e  fo llo w in g : ll.T m g  o f CoA and 41mg of
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cy s te in e -H C l in  20ml o f d i s t i l l e d  w a te r .
S o lu tio n  C c o n ta in e d  e i t h e r  1 .123g  o f sodium p y ru v a te  o r 1 .6 8 g  o f  
m onosod ium cL -oxoglu tarate  in  100ml o f d i s t i l l e d  w a te r .  The r e a c t io n  
m ix tu re  c o n s is te d  o f :  900^1 o f  s o lu t io n  A, 20p.l o f  s o lu t io n  B and
6(^1  o f  e x t r a c t . The r e a c t io n  was s t a r t e d  by th e  a d d i t io n  o f  20^1 
o f  s o lu t io n  C and th e  r e a c t io n  was fo llo w ed  c o n tin u o u s ly  a t  340nm. 
One u n i t  o f a c t i v i t y  i s  t h a t  amount o f enzyme c a ta ly s in g  th e  
re d u c t io n  o f  ] ^ o l e  o f NAD"*" p e r  min u n d er a s sa y  c o n d i t io n s .
M olecu lar W eight E s tim a tio n  by Gel F i l t r a t i o n
S ep h acry l 8 -200 was poured u n d er g r a v i ty  to  f i l l  a g la s s  column 
(lOO X 1 .5cm ). When packed, th e  column was e q u i l ib r a t e d  w ith  31 o f 
50mM MOBS/BICINE, pH 7 .8 ,  a t  a flow  r a t e  o f 5 m l/h . P r o te in s  were 
pumped on to  th e  column in  a t o t a l  volume o f  1ml o f th e  e lu t io n  
b u f f e r  and Irai f r a c t io n s  w ere c o l l e c t e d .
C a lc u la t io n  o f Void Volume
The vo id  volume was d e te rm in ed  by ru n n in g  b lu e  d e x tra n  s e p a r a te ly  
a t  a c o n c e n tra t io n  o f  Img/mlj th e  m o le c u la r  w eigh t o f b lu e  d e x tra n  
i s  in  excess  o f 1 x  10^ and i s  co m p le te ly  excluded  from  th e  g e l .
E le c tro p h o re s is
SI^ P o ly ac ry lam id e  G el E le c t ro p h o re s is
SDS g e l e le c t r o p h o r e s is  was used  to  e s t im a te  th e  s u b -u n it  M  ^ o f 
c i t r a t e  sy n th ase  and m a la te  d eh y d ro g en ase . 7*5^ g e ls  c o n s is te d
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o f  th e  fo llo w in g :
12.7m l a c ry la m id e /b is a c ry la m id e  (3 0 :0 .8 g /l0 0 m l)
2 7 .4ml double d i s t i l l e d  w a te r
10ml o f  1.86M tr i s -H C l b u f f e r ,  pH 8 .8
25)il o f TEMED
30mg o f  ammonium p e rs u lp h a te  
The b r id g e  b u f f e r  c o n s is te d  o f 6 .05g  t r i s ,  2 8 .8g g ly c in e ,  p lu s  
20ml o f  10^ SDS made up to  two l i t r e s ,  pH 8 .3 .  M arker p ro te in s  and 
sam ples were b o i le d  f o r  a minimum o f two m inu tes in  an  eq u a l volume 
o f th e  fo llo w in g  d is s o lv in g  b u f f e r :
0 . 5ml o f 1.86m tr is -H C l b u f f e r ,  pH 8 .8  
2 . 5ml o f  105  ^ SDS 
1 . 25ml o f  g ly c e r o l  
0 . 62ml o f 2-m e rc a p to e th a n o l 
8 . 12ml o f double d i s t i l l e d  w a te r
0 .001^  brom ophenol b lu e  
G els were run  a t  3mA p e r  tu b e  u n t i l  th e  brom ophenol f r o n t  was 
ap p ro x im ate ly  0 . 5cm from  th e  bo ttom  o f th e  tu b e .
N on-D enaturing  P o ly ac ry lam id e  Gel E le c tro p h o re s is
S lab  n o n -d e n a tu r in g  p o ly ac ry lam id e  g e ls  were run  u s in g  an  LKB 
a p p a ra tu s  and c o n s is te d  o f a s ta c k in g  and r e s o lv in g  g e l .
R eso lv in g  G e l.
S o l .  1 . 50ml o f IM HCl, 3 6 . 6g o f t r i s  and 0 .23m l o f TEIÆED in  
100ml o f d i s t i l l e d  w a te r .
S o l .  2 . 60mg o f ac ry lam id e  and 1 .6 g  o f b is a c ry la m id e  in  100ml 
o f d i s t i l l e d  w a te r .
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S o l o  3 . 0 .1 4 g  o f ammonium p e rs u lp h a te  in  100ml o f d i s t i l l e d
w a te r .
The g e l  mix c o n s is te d  o f ;  5ml o f  s o l .  1 , 10ml o f  s o l .  2 , 20ml o f 
s o l .  3 and 8ml o f  d i s t i l l e d  w a te r .  T h is s o lu t io n  was in j e c te d  in to  
th e  g e l  mould u s in g  a 50^1 s y r in g e  and o v e rla y ed  w ith  w a te r .
S ta c k in g  G e l.
S o l .  4* 48ml o f  IM KOH, 2 . 87ml o f  a c e t i c  a c id  and 0 . 46ml o f 
TEMED in  100ml o f d i s t i l l e d  w a te r .
S o l .  5® lOg o f  ac ry lam id e  and 2 .5 g  o f  b is a c ry la m id e  in  100ml 
o f  d i s t i l l e d  w a te r .
S o l .  6 .  0 .0 0 4 g  o f  r ib o f l a v in  in  100ml o f d i s t i l l e d  w a te r .
The g e l  mix c o n s is te d  o f :  1ml o f  s o l .  4 , 2ml o f  s o l .  5 , 1ml o f
s o l .  6 and 3*5ml o f 50% su c ro se  in  d i s t i l l e d  w a te r .  T h is  g e l  was s e t  
by  UV r a d ia t io n  a f t e r  b e in g  la y e re d  on to  th e  r e s o lv in g  g e l .  The g e l 
was run  a t  2mA p e r t r a c k  u n t i l  th e  p ro te in s  had t r a v e r s e d  th e  
s ta c k in g  g e l ,  when th e  c u r r e n t  was in c re a s e d  to  4mA p e r  t r a c k .  G els 
w ere s ta in e d  in  th e  fo llo w in g  s o lu t io n :  25% is o p ro p a n o l ,  10% a c e t i c
a c id  and 0 .05% coom assie b lu e ,  and d e s ta in e d  in  10% a c e t i c  a c id .  
A l t e r n a t iv e ly ,  g e ls  were s ta in e d  u s in g  th e  s i l v e r  s t a i n  (M o rrisey ,
1981).
P re p a ra t io n  o f M a te r ia l  f o r  S u b -C e llu la r  S e p a ra t io n
Tomato f r u i t  w ere q u a r te re d  and th e  p la c e n ta l  t i s s u e  removed w ith  a 
s c a l p e l .  The q u a r te re d  p e r ic a r p  was g e n t ly  g ra te d  below  th e  s u r fa c e  
o f th e  m ito c h o n d r ia l  e x t r a c t io n  b u f f e r  u s in g  a ch eese  g r a t e r  (Hobson, 
1969) .  The b u f f e r  to  t i s s u e  r a t i o  was 3 :1 and a minimum o f 600ml o f 
b u f f e r  was needed  to  a llo w  ad eq u a te  g r a t i n g .  A sc o rb a te , to  a f i n a l
36
c o n c e n tra t io n  o f  30mM, was added j u s t  b e fo re  e x t r a c t i o n .  The 
r e s u l t i n g  s lu r r y  was s t r a in e d  th ro u g h  e ig h t  la y e r s  o f  m u slin  and 
spun a t  2 ,500  X g^^^ f o r  lOmin. The s u p e rn a ta n t  was spun a t
10,000  X g^^^ f o r  30min and th e  r e s u l t i n g  p e l l e t  was resu sp en d ed  in  
a v a s t  ex ce ss  (ap p ro x . 300ml) o f m ito c h o n d r ia l  e x t r a c t i o n  b u f f e r .
The resu sp en d ed  p e l l e t  was spun a t  90O x g ^ ^  f o r  5min and th e  
r e s u l t i n g  s u p e rn a ta n t was c e n tr i fu g e d  a t  10 ,000 x g ^ ^  f o r  30m in.
The crude  m ito c h o n d r ia l p e l l e t  Was g e n t ly  resu sp en d ed  in  
ap p ro x im a te ly  6.0m l o f P e r c o l l  d i l u t i o n  b u f f e r  and h a l f  t h i s  volume 
was used  to  lo a d  th e  g r a d ie n t s .  The in te rm e d ia te  p e l l e t s  and 
su p e rn a ta n t  were r e ta in e d  f o r  a n a l y s i s ,  t o  a llo w  th e  c o n s tru c t io n  o f 
a b a la n c e  s h e e t  o f enzyme a c t i v i t y .
S u b -C e llu la r  L o c a l is a t io n  U sing  P e r c o l l  G ra d ie n ts  
In  S i tu  G ra d ie n ts
P e r c o l l  was made is o -o s m o tic ,  by d i l u t i n g  9 p a r t s  o f  P e r c o l l  w ith  
1 p a r t  o f 2 . 5M s u c ro s e .  A model experim en t was th e n  perform ed to  
s ta n d a rd is e  c o n d i t io n s .  Iso -o sm o tic  P e r c o l l  was d i lu te d  w ith  P e r c o l l  
d i l u t i o n  b u f f e r  in  r a t i o s  from  1+9 to  9+1, in  a f i n a l  volume o f 30ml. 
P e r c o l l  i n t e r n a l  d e n s ity  m arker beads were lo ad ed  on to  th e  to p  o f th e  
g r a d ie n t ,  th e  g ra d ie n ts  were th e n  in v e r te d  s e v e r a l  tim es  to  mix th e  
c o n te n ts  and sp u n . The i n t e r n a l  m arkers (w hich a r e  d e x tra n  b ead s) 
re a c h  t h e i r  e q u i lib r iu m  p o s i t io n  and a g rap h  o f  buoyan t d e n s i ty  
a g a in s t  Rf v a lu e s  f o r  th e  beads can be  p l o t t e d .  From t h i s ,  th e  
g r a d ie n t  w ith  th e  most s u i t a b l e  p r o f i l e  can be ch o sen .
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P i s c o n ti n PUS Pre-Form ed G ra d ie n ts
G ra d ie n ts  were p re jia red  by a m o d if ic a t io n  o f th e  method o f Jack so n  
e t  a l . ( 1979 ) • Is o -o sm o tic  P e r c o l l  was d i lu te d  w ith  P e rc o l l  
d i l u t i o n  b u f f e r  to  g iv e  th e  re q u ire d  p e rc e n ta g e  d i s c o n t in u i t i e s ;  
th e s e  were c a r e f u l ly  la y e re d  onto  each  o th e r  u s in g  a P a s te u r  p ip e t te  
and th e  com pleted  g r a d ie n ts  were s to r e d  a t
C on tinuous Pre-Form ed G ra d ie n ts
C ontinuous P e r c o l l  g r a d ie n ts  were p rep a red  by th e  method o f Takabe 
e t  a l . ( 1979) • U sing  an  LKB g r a d ie n t  m ixer and p e r i s t a l t i c  pump, 
30ml g r a d ie n ts  were pumped a t  a flow  r a t e  o f  l .^ m l/m in  in to  th in  
w a lle d  Dupont p o ly a llo m er tu b e s .
G ra d ie n t F r a c t io n a t io n
G ra d ie n ts  were i n i t i a l l y  f r a c t io n a t e d  by su c k in g  th e  c o n te n ts  out 
from  th e  bo tto m , th ro u g h  a tu b e  th a t  was p assed  c a r e f u l ly  i n t o  th e  
g r a d ie n t .  However, t h i s  proved to  be in e f f e c t i v e  a s  c o n s id e ra b le  
m ix ing  o c c u rre d . E v e n tu a lly ,  th in  w a ll 50ml p o ly a llo m e r tu b e s  were 
p u rch ased  from  Dupont and th e  g ra d ie n ts  were e lu te d  from  th e  bo ttom , 
u s in g  a MSE g ra d ie n t  f r a c t i o n a t e r . T his c o n s is te d  o f a d ev ice  which 
clam ped th e  tu b e  w ith  an a i r  t i g h t  s e a l  a t  th e  to p .  A ho llow  n eed le  
was th re a d e d  up from u u d e m e a th  and p ie rc e d  th e  bo ttom  o f th e  tu b e ; 
a i r  was a llow ed  in to  th e  system  v ia  a f i n e l y  c o n t ro l le d  b le e d  
mechanism a t  th e  to p  o f th e  tu b e , th u s  a l lo w in g  th e  speed  o f 
f r a c t i o n a t io n  to  be c o n t r o l le d .
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E stim ation  o f  P rote in  in  Gradient F raction s
S in ce  th e  g r a d ie n t  c o n s t i tu e n t s  c o n ta in e d  BSA and th e  c o n c e n tra t io n  
o f BSA v a r ie d  th ro u g h o u t th e  g r a d ie n t ,  i t  was im p e ra tiv e  t h a t  th e  
c o r r e c t  b la n k  was u se d . The b la n k  c o n s is te d  o f  an i d e n t i c a l  
g r a d ie n t  t h a t  was loaded  w ith  3ml o f  P e r c o l l  d i l u t i o n  b u f f e r .  T h is 
g r a d ie n t  was f r a c t io n a t e d  in  an i d e n t i c a l  manner to  th e  e x p e rim en ta l 
g r a d ie n t  and a l iq u o t s  from  each f r a c t i o n  were used  a s  b la n k s  f o r  th e  
c o rre sp o n d in g  f r a c t i o n  from  th e  e x p e rim e n ta l g r a d ie n t .
C r i t e r i a  f o r  E s ta b l i s h in g  M ito c h o n d ria l I n t e g r i t y
The p h y s ic a l  and r e s p i r a t o r y  i n t e g r i t y  o f  washed and p u r i f i e d  
m ito c h o n d ria  was d e term ined  by two m ethods:
1 .  L a tency  o f  enzyme a c t i v i t y  w ith  and w ith o u t 0 .03/è T r i to n  in  th e  
a s s a y  m ix tu re .
2o Use o f  th e  oxygen e le c tro d e  to  c a l c u la te  r e s p i r a t o r y  c o n t ro l  and 
ABB : 0 r a t i o s .  F u rth e rm o re , washed and p u r i f i e d  P e r c o l l  
m ito c h o n d ria  w ere scanned c o n tin u o u s ly  betw een 700 and 300nm to  
i l l u s t r a t e  th e  d i f f e r e n c e  in  c h lo ro p h y ll  and c a ro te n o id  
c o n ta m in a tio n  betw een  them . M ito c h o n d ria l r e s p i r a t i o n  was m easured 
p o la ro g r a p h ic a l ly  u s in g  a C la rk  ty p e  oxygen e l e c t r o d e .  Washed and 
PPM w ere in j e c te d  c a r e f u l ly  in to  th e  r e a c t io n  cham ber o f th e  oxygen 
e le c t r o d e  in  th e  p resen ce  o f 2ml o f m ito c h o n d r ia l r e a c t io n  b u f f e r  
t h a t  had b een  a llo w ed  to  e q u i l i b r a t e  a t  30°C. The r e a c t io n  b u f f e r  
c o n s is te d  o f  th e  fo llo w in g : 300mM s u c ro s e , lOmM po tassiu m
dihydrogen  p h o sp h a te , lOmM MOIS, ^mM magnesium c h lo r id e  and 0.5mM EBTA, 
pH 7 . 3 . A f te r  Im in , lOOpl o f  n a l a t e ,  pH 7*3, ( f i n a l
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c o n c e n tr a t io n  17mM) were ad d ed . Once th e  r e c o rd e r  had s t a b i l i s e d ,  
10(^1 o f  ABP, pH 7"3 ; ( f i n a l  c o n c e n tr a t io n  IGC^ uM) w ere ad d ed . 
F u r th e r  a l iq u o t s  o f  ABP were added a s  n e c e s s a ry .
C i t r a t e  S y n th ase  P u r i f i c a t i o n  P roced u res  
DEAE-Sephacel
S e v e ra l k ilo g ra m s  o f  S o n a tin e  (from  2 .5  to  5»0) were e x t r a c te d  a s  
d e s c r ib e d ; th e  r e s u l t i n g  s u p e rn a ta n ts  were combined and s u b je c te d  
to  ammonium s u lp h a te  f r a c t i o n a t io n  a t  50^ and 80^ s a t u r a t i o n .  The 
p e l l e t  from  th e  80^ f r a c t i o n  v/as resuspended  in  a minimum o f  
20mM t r i s - H C l ,  pH 8 .0 ,  and d ia ly s e d  a g a in s t  51 o f th e  same b u f f e r  
o v e rn ig h t .  A f te r  d i a l y s i s ,  th e  s o lu t io n  was spun a t  20 ,000  x g ^ ^  
f o r  5^1% to  remove any p r e c i p i t a t e ,  and load ed  on to  a DEAE-Sephacel 
column ( 1 .5  ^ 30cm) w hich had p re v io u s ly  been  e q u i l ib r a t e d  w ith  
20mM tr i s - H C l ,  pH 8 .0 .  The column was th e n  washed w ith  th e  same 
b u f f e r  u n t i l  th e  A^g^ o f  th e  e lu a n t  was below  0 .1 .  The column was 
e lu te d  w ith  a  l i n e a r  po tass iu m  c h lo r id e  g r a d ie n t  betw een  0 -  500mM 
in  20mM t r i s - H C l ,  pH 8 .0 ,  a t  a flow  r a t e  o f 20 m l/h . F ra c t io n s  (2ml) 
were c o l le c te d  and a ssay ed  f o r  c i t r a t e  sy n th a se  a c t i v i t y .
Use o f Dyem atrex K it  in  C i t r a t e  S yn th ase  B in d in g  S tudy
Dye m atrex  g e ls  c o n s i s t  o f i n d u s t r i a l  dyes c o v a le n t ly  l in k e d  to  
a g a ro se  and have been  used  w ith  c o n s id e ra b le  s u c c e s s  in  th e  
p u r i f i c a t i o n  o f  c e r t a i n  c l a s s e s  o f  enzym es, e s p e c i a l l y  th e  
dehydrogenase (Amicon I 980 ) . However, i t  i s  s t i l l  u n c e r ta in  how 
and why b in d in g  in t e r a c t io n s  o c c u r . Dye m atrex  k i t s  a r e  su p p lie d
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w ith  th e  fo llo w in g  g e l s ;  Red A, B lue A, B lue B, Orange A and 
Green A. The g e ls  were p rep a red  hy w ashing in  6M u re a  and O .5M 
sodium h y d ro x id e  to  remove any f r e e  dye, w ith  th e  e x c e p tio n  o f 
Orange A w hich was washed in  6M u re a  o n ly , s in c e  sodium h yd rox ide  
h y d ro ly se s  th e  am ide hond in  t h i s  d y e . A l l  th e  columns (0 .5  x 10cm) 
were e q u i l ib r a t e d  in  th e  ru n n in g  b u f f e r  (^OmM MOPS, pH 7 * 8 ).
1.0m l o f s u p e rn a ta n t  c o n ta in in g  a p p ro x im a te ly  l.Omg o f p r o te in  and
1 .0  u n i t  o f  a c t i v i t y  was lo ad ed  o n to  each column and a llo w ed  to  
e n te r  th e  g e l .  The g e ls  w ere th e n  washed w ith  th e  ru n n in g  b u f f e r  to  
remove any unbound p r o te in .  F in a l ly ,  th e  g e ls  were e lu te d  w ith  
e i t h e r  O .5M p o tassiu m  c h lo r id e  o r  lOQ^M o x a lo a c e ta te  + lOOpM CoA in  
50mM MOPS, pH 7 .8 .
Amicon Red A Gel P rocedu re
The e x t r a c t io n  p ro ced u re  was i d e n t i c a l  to  th e  ab o v e . However, a f t e r  
d i a ly s i s  th e  80^ f r a c t i o n  was load ed  onto  a column ( I .5  x  30cm) 
c o n ta in in g  Amicon Red A G el p re v io u s ly  e q u i l ib r a t e d  in  50mM MOPS, 
pH 7*8, c o n ta in in g  50mM po tass iu m  c h lo r id e .  The column was e lu te d  
w ith  a l i n e a r  po tass iu m  c h lo r id e  g r a d ie n t  from  50“ 50CtoM in  50mM MOPS, 
pH 7*8. F ra c t io n s  (2ml) were c o l le c te d  and a ssay ed  f o r  c i t r a t e  
sy n th ase  a c t i v i t y  and p r o te in .  F ra c t io n s  w ith  a s p e c i f i c  a c t i v i t y  
g r e a t e r  th a n  10 were pooled  and c o n c e n tra te d  by ammonium s u lp h a te  
p r e c i p i t a t i o n .  A f te r  c e n t r i f u g a t io n ,  th e  p e l l e t  was resuspended  in  
1 . 5ml o f  50niM MOPS, pH 7*8, c o n ta in in g  5 0 i^  po tass ium  c h lo r id e  and 
a p p lie d  to  a column o f S ep h acry l S-200 ( l* 5  x 100cm) p re v io u s ly  
e q u i l ib r a t e d  w ith  th e  ru n n in g  b u f f e r .  The column was e lu te d  w ith
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th e  same b u f f e r  a t  a flow  r a t e  o f ,^Ou\l/h and 0.5m l f r a c t io n s  were 
c o l l e c t e d .  F ra c t io n s  were a ssay ed  f o r  c i t r a t e  s y n th a se  a c t i v i t y  and 
th e  p u r i ty  o f th e  enzyme was d e te rm in ed  by ru n n in g  a l iq u o ts  from th e  
peak tu b e s  on SDS p o ly acry lam id e  g e l s .
P u r i f i c a t i o n  o f C i t r a t e  S yn thase  U sing  A TP-Sepharose
ATP was bound to  4g o f S epharose 4® -  a d ip ic  a c id  d ih y d ra z id e  by th e  
m ethod o f  G ilham ( l9 7 l)*  l.Smmole o f  ATP w ere d is s o lv e d  in  27ml o f 
d i s t i l l e d  w a te r  and th e  pH a d ju s te d  to  8 .2 .  A l l  su b seq u en t o p e ra tio n s  
w ere perform ed a t  0°C . l»98mmole o f  sodium  p e r io d a te  were added and 
a f t e r  30min th e  s o lu t io n  was mixed w ith  27ml o f IM sodium c h lo r id e  -  
0.2M T r ic in e ,  pH 8 .2 ,  and 4g o f S epharose  4B -  a d ip ic  a c id  
d ih y d ra z id e  t h a t  had been  p rep a red  by w ashing in  O .5M sodium c h lo r id e  
and O.IM T r ic in e ,  pH 8 .2 .  The m ix tu re  was a llo w ed  t o  s ta n d  f o r  Ih  
w ith  o c c a s io n a l  a g i t a t i o n  and th e n  t r e a t e d  w ith  24ml o f 0.3M sodium 
b o ro h y d rid e  -  0.2M t r i c i n e ,  pH 8 .2 .  A f te r  I h ,  a f u r t h e r  1ml o f 
t h i s  s o lu t io n  was added , and a f t e r  s ta n d in g  f o r  a n o th e r  ho u r th e  
s lu r r y  was e x t r a c te d  w ith  4^  sodium c h lo r id e  to  remove unbound 
m a te r i a l .  The combined w ashings were a ssay ed  s p e c tro p h o to m e tr ic a l ly  
a g a in s t  a c o n t r o l  r e a c t io n  in  w hich no p e r io d a te  was added , to  
d e te rm in e  th e  amount o f  ATP bound to  th e  S e p h a ro se .
P u r i f i c a t i o n  c f  C i t r a t e  S yn thase  and M alate  D ehydrogenase U sing 
I s o - E l e c t r i c  F o cu ssin g
An UCB 110ml i s o - e l e c t r i c  fo c u s s in g  column was u sed  f o r  a l l
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e x p e rim e n ts . The anode s o lu t io n ,  w hich was lo c a te d  a t  th e  bottom  
o f th e  column, c o n s is te d  o f  th e  fo llo w in g :
0 . 5ml o f o r th o -p h o sp h o r ic  a c id  
9.0m l o f d i s t i l l e d  w ate r 
20.0m l o f 50 /^  su c ro se  
The g r a d ie n t  c o n s is te d  o f  a m ix tu re  o f l i g h t  and dense s o lu t io n s  
w hich were pumped in to  th e  column from  th e  g r a d ie n t  m ix e r. The 
p r o te in  sam ple was in c o rp o ra te d  in t o  th e  l i g h t  s o lu t i o n .  The l i g h t  
and dense s o lu t io n s  c o n s is te d  o f th e  fo llo w in g :
Dense s o lu t io n  0.75% ! o f am pholy tes pH 3 .5 -1 0  and pH 4-6  
4 0 .0ml o f su c ro se  
1 5 ,0ml o f  d i s t i l l e d  w a te r  
L ig h t s o lu t io n  0.35m l o f am pholy tes pH 3*5-10 and pH 4 -6  
1 2 . 0ml o f su c ro se  
4 3 "0ml o f d i s t i l l e d  w a te r 
The ca thode  s o lu t io n  c o n s is te d  o f :  0 .5m l o f e th an o lam in e
1 9 . 5™! o f d i s t i l l e d  w a te r  
and was pumped s lo w ly  on to  th e  to p  o f th e  g r a d ie n t .  The column had 
been  p re -c o o le d  v ia  a w a te r ja c k e t  f i t t e d  around  th e  a p p a ra tu s .
5OOV were i n i t i a l l y  a p p l ie d  to  th e  column; th e  v o lta g e  was th e n  
g ra d u a l ly  in c re a s e d  to  a maximum o f 2000V. The column was fo cu ssed  
when th e  c u r r e n t  had f a l l e n  to  a minimum and s t a b i l i s e d .  T h is cou ld  
range  from 36 -  72h depending  on th e  c o n c e n tra t io n  o f  p r o te in  in  th e  
sam ple and th e  ran g e  o f  am pholytes u s e d . F ra c t io n s  were c o l le c te d  
from  th e  bottom  o f th e  column and assay ed  f o r  pH and a c t i v i t y .
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S e p a ra t io n  o f M alate D ehydrogenase from  L a c ta te  D ehydrogenase U sing 
F a s t  P ro te in  L iq u id  Chrom atography
S ix ty  o f l a c t a t e  dehydrogenase were added to  8ml o f 20mM h i s -  
t r i s - p r o p a n e ,  pH 7•5* The s o lu t io n  was load ed  th ro u g h  a su p e r lo o p  
on to  a mono Q column th a t  had p re v io u s ly  been  e q u i l ib r a t e d  w ith  10 
column volumes o f 20mM b i s - t r i s - p r o p a n e ,  pH 7 •5» The column was 
e lu te d  w ith  a p o ta ss iu m  c h lo r id e  g r a d ie n t  (see  a t ta c h e d  program m e). 
The g r a d ie n t  ra n  from  0 -  500mM p o tass iu m  c h lo r id e ;  th e r e f o r e  
w ith in  th e  programme, 0 = no p o ta ss iu m  c h lo r id e ,  50 = 250mM, and 
100 = 500mM p o ta ss iu m  c h lo r id e .  The e lu a te  from  th e  column was 
m on ito red  a t  280nm by a UV l i g h t  so u rce  t h a t  was connec ted  to  a 
m ic ro p ro c e s s o r -c o n tro lle d  f r a c t i o n  c o l l e c t o r .  The s e n s i t i v i t y  o f th e  
m o n ito r in g  so u rce  was s e t  to  0 .5  abso rbance  u n i t ,  w hich co rresponded  
to  f u l l - s c a l e  d e f le c t i o n  o f  th e  a t ta c h e d  c h a r t  r e c o r d e r .  The 
f r a c t i o n  c o l l e c t o r  was s e t  to  c o l l e c t  1ml f r a c t i o n s .  However, i f  th e  
m o n ito rin g  d ev ice  d e te c te d  a peak g r e a t e r  th a n  10^ f u l l  s c a le  
d e f le c t i o n ,  th e n  on ly  th e  volume c o rre sp o n d in g  to  th e  a re a  under th a t  
peak was c o l l e c t e d .  T h is  ensu red  t h a t  s e p a ra te d  p ro te in s  were n o t 
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RESULTS
S in ce  i t  i s  known th a t  th e  c o n c e n tra t io n s  o f c i t r i c  and m a lic  a c id s  
change a s  th e  tom ato  f r u i t  p ro g re s s e s  from  m a tu r i ty  to  th e  r ip e  s t a t e  
( in t r o d u c t io n  p , 15) ,  a l o g i c a l  s t a r t i n g  p o in t f o r  th e  p r o je c t  was to  
a s sa y  th o se  c i t r i c  a c id  c y c le  enzymes in v o lv e d  in  th e  s y n th e s is  and 
m etabolism  o f c i t r i c  and m a lic  a c id  in  m ature g re e n  and r ip e  f r u i t ,  
t o  d e term in e  i f  th e re  was a s i g n i f i c a n t  d i f f e r e n c e  in  s p e c i f i c  
a c t i v i t y  betw een th e  two s t a t e s .
The p e r ic a r p  from  e q u a l w e ig h ts  o f m ature g re e n  and re d  
tom ato  f r u i t ,  c v . S o n a tin e  were hom ogenised a s  d e s c r ib e d .  The 
r e s u l t i n g  s u p e rn a ta n t was u sed  t o  a s s a y  f o r  c i t r a t e  s y n th a s e , m a la te  
dehydrogenase , NADP- and NAD-linked i s o c i t r a t e  d eh y d ro g en ases , 
p y ru v a te  d eh y d ro g en ase ,© C -o x o g lu ta ra te  dehydrogenase and NAD-1inked 
m a lic  enzyme. The d a ta  in d ic a te d  a d i s t i n c t  d i f f e r e n c e  in  b o th  
a c t i v i t y  and s p e c i f i c  a c t i v i t y  betw een th e  two s t a t e s ,  f o r  c i t r a t e  
s y n th a s e , m a la te  dehydrogenase and NADP-linked i s o c i t r a t e  
dehydrogenase (T ab le l ) .  The s p e c i f i c  a c t i v i t i e s  o f c i t r a t e  sy n th a se  
and m a la te  dehydrogenase f e l l  by a p p ro x im a te ly  50^  betw een th e  m ature 
g reen  and red  s ta g e s ,  w h ile  th e  s p e c i f i c  a c t i v i t y  o f NADP-linked 
i s o c i t r a t e  dehydrogenase ro s e  by a p p ro x im a te ly  50^  over th e  same 
p e r io d .  No NAD-dependent i s o c i t r a t e  dehydrogenase a c t i v i t y  cou ld  be 
d e te c te d  a t  e i t h e r  s ta g e ,  and th e  a d d i t io n  o f  e i t h e r  0.2mM ADP o r 
0 . 2mM AMP, b o th  known a c t iv a t o r s  o f e u k a ry o tic  and some b a c t e r i a l  
i s o c i t r a t e  dehydrogenases S e lf  e t  a l . (l973)> had no e f f e c t  on th e  
r a t e  o f o x id a tio n  o f e i t h e r  NADP"*" o r NAD^. I^ ru v a te  dehydrogenase,
45
T ab le  1
R ipe(R ed) M ature G reen Red/G reen
c i t r a t e
sy n th a se
3 . 67x 10'- 2 6 . 40x 10- 2 57%
m a la te  2 . 34x 10
dehydrogenase
-1 5 . 05x 10-1 46^
NADP-linked 
i s o c i t r a t e  6 . 64x 10 
d ehydrogenase
- 2 3.50x10-2 189%
A ll  f ig u r e s  a re  ex p re sse d  a s  ^ o le /m in /m g  p r o te i n .
T ab le 1 . The s p e c i f i c  a c t i v i t i e s  o f c i t r a t e  s y n th a s e , m a la te  
dehydrogenase  and NADP-linked i s o c i t r a t e  dehydrogenase e x t r a c te d  
from  m atu re  g reen  and re d  S o n a tin e .
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oc-oxog lu t a r a t e  and NAD-1inked m a lic  enzyme cou ld  n o t be d e te c te d  in  
c ru d e  e x t r a c t s .  D uring a l l  e x t r a c t io n s  i t  was n o t ic e a b le  th a t  th e  
s u p e rn a ta n ts  rem ained q u i te  g reen  and e x h ib i te d  no s ig n s  o f 
"b ro w n in g ". The p r o te in  c o n c e n tr a t io n  o f  s u p e rn a ta n ts  from  b o th  
m ature g reen  and red  f r u i t  v a r ie d  betw een 1 .0  -  1 .^m g/m l.
B iochem ical and P h y s io lo g ic a l  E xperim en ts  on Whole Tomato F r u i t  
S to re d  in  a M odified  Gas A tm osphere ( l )
P rev io u s  work by Goodenough and Thomas (198I )  d em o n stra ted  t h a t ,  in  
tom ato  f r u i t  s to r e d  in  a m o d ified  g as  a tm o sp h ere , changes in  o rg an ic  
a c id  c o n c e n tra t io n  and s t a r c h  d e g ra d a tio n  o ccu r b e fo re  c o lo u r  change, 
and th e  fo rm er changes may be  in d ep en d en t o f e th y le n e .
I t  was th e r e f o r e  d ec id ed  to  u t i l i s e  th e  m o d ified  gas 
atm osphere s to ra g e  f a c i l i t i e s  a t  Long A shton to  fo llo w  th e  changes 
(o v er s e v e ra l  weeks) in  th e  s p e c i f i c  a c t i v i t i e s  o f c i t r a t e  s y n th a s e , 
m a la te  dehydrogenase , NADP-linked i s o c i t r a t e  dehydrogenase and 
NADP-linked m a lic  enzyme, and to  a tte m p t to  c o r r e l a t e  any observed  
changes w ith  a l t e r a t i o n s  in  c i t r i c  and m a lic  a c id  c o n c e n tr a t io n s .  
A d d it io n a l ly ,  g lu c o se , f r u c to s e  and e th y le n e  c o n c e n tra t io n s  were 
m on ito red  by gas chrom atography . F u rth e rm o re , s e v e r a l  f e a tu r e s  o f 
r ip e n in g  assumed to  be c o n t r o l le d  by changes in  e th y le n e  
c o n c e n tr a t io n  were a l s o  m easured , i . e .  th e  d e g ra d a tio n  o f c h lo ro p h y ll ,  
th e  s y n th e s is  o f lycopene and th e  changes in  s p e c i f i c  a c t i v i t i e s  o f 
p o ly g a la c tu ro n a se  and c e l l  w a ll bound a c id  in v e r ta s e  
( ^  - f r u c to fu ra n o s id e  f ru c to h y d ro la s e ,  EC 3 -2 .1 .2 6  ). M ature g reen  
S o n a tin e  (450kg) were p la ced  in  th e  s to r e  as  d e s c r ib e d .  S ince  whole
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f r u i t  were now b e in g  e x t r a c te d ,  a new b u f f e r in g  system  was used  as  
lOOmM tr i s -H C l was n o t ad eq u a te  to  m a in ta in  th e  pH betw een 7 -  80 
A m ix tu re  o f lOOmM MOPS and lOOmM BICINE was used  and found to  be 
co m p le te ly  s a t i s f a c t o r y ,  o b v ia tin g  th e  need  f o r  th e  dropw ise 
a d d i t io n  o f  c o n c e n tra te d  sodium h y d ro x id e  d u rin g  th e  e x t r a c t io n .
Four sam ples were e x t r a c te d  a t  w eekly i n t e r v a l s  and used  f o r  p ro te in  
and enzyme a n a ly s i s ,  w h ile  a f u r t h e r  s ix  s e p a ra te  sam ples were used  
f o r  a c id  d e te rm in a tio n .
W ith in  two w eeks, th e  s p e c i f i c  a c t i v i t y  o f  c i t r a t e  sy n th ase  
had f a l l e n  t o  40% o f th e  s t a r t i n g  v a lu e .  T h e r e a f te r ,  th e  a c t i v i t y  
rem ained  c o n s ta n t  a p a r t  from  an a p p a ra n t d e c re a se  betw een weeks 7 and 
8 , fo llo w ed  by a r e tu r n  to  th e  o r ig i n a l  v a lu e .  A f te r  12 weeks o f 
s to r a g e ,  th e  f r u i t  w ere p la c e d  in  am bient c o n d it io n s  f o r  one week; 
d u r in g  t h i s  p e r io d  th e  s p e c i f i c  a c t i v i t y  o f c i t r a t e  sy n th a se  f e l l  
s l i g h t l y .  The c i t r a t e  c o n te n t o f  th e  f r u i t  ro s e  by 25% d u rin g  th e  
f i r s t  2 weeks o f s to r a g e ,  f e l l  by 3% over th e  n e x t 3 w eeks, th e n  ro s e  
10% b e fo re  f a l l i n g  to  a c o n c e n tr a t io n  j u s t  below  th e  s t a r t i n g  le v e l  
by th e  end o f  12 weeks ( F i g . l ) .  The c i t r a t e  c o n c e n tra t io n  
accum ula ted  in  th e  f i r s t  5 weeks was l e s s  th a n  th e  c o n c e n tra t io n  o f 
m a la te  l o s t  from th e  f r u i t  d u r in g  th e  same p e r io d .
In  c o n t r a s t  to  th e  i n i t i a l  r i s e  in  c i t r a t e ,  m a la te  
c o n c e n tra t io n  f e l l  to  58% of th e  p r e - s to r e  l e v e l  a f t e r  2 w eeks. 
Between weeks 2 and 3, th e  c o n c e n tr a t io n  f e l l  a f u r t h e r  3% and 
t h e r e a f t e r  rem ained r e l a t i v e l y  c o n s ta n t  f o r  th e  rem a in d er o f th e  
experim ent u n t i l  th e  f r u i t  w ere removed from  th e  s t o r e ,  when th e  








































F i g . l  Changes in  s p e c i f i c  a c t i v i t y  o f c i t r a t e  sy n th a se  and c i t r a t e  
c o n c e n tra t io n  in  s to r e d  tom ato  f r u i t .
Changes in  s p e c i f i c  a c t i v i t y  o f c i t r a t e  sy n th a se  and c i t r a t e  c o n c e n tra t io n  
in  tom ato f r u i t  c v . S o n a tin e , h e ld  a t  12°C in  6^ CO^, 6^ 0^ and 88$  ^ N , and 
a f t e r  s ta n d in g  in  am bient atm osphere  and te m p e ra tu re .  S p e c i f ic  a c t i v i t y  o f
c i t r a t e  sy n th a se  d u r in g  s to r a g e ( 0  O) and in  am bient c o n d itio n s (O -  -----O ).
C o n c e n tra tio n  of c i t r a t e  d u rin g  s to r a g e ( H — Bl)and a f t e r  s ta n d in g  in  
am bien t c o n d i t io n s (H — H )«  B ars a r e  s ta n d a rd  e r r o r s  o f th e  mean o f 
4 sa m p le s .
4Q
The s p e c i f i c  a c t i v i t y  o f NADP-dependent m a lic  enzyme ro se  
d u rin g  th e  f i r s t  2 weeks o f s to ra g e  by 4005^. For th e  n e x t 8 weeks 
th e  s p e c i f i c  a c t i v i t y  f e l l  s lo w ly  w ith  th e  e x c e p tio n  o f a sm a ll r i s e  
betw een weeks 4 and 5* When th e  f r u i t  were removed from  th e  s t o r e ,  
th e  s p e c i f i c  a c t i v i t y  f e l l  to  z e ro  ( F ig ,2 ) ,
The s p e c i f i c  a c t i v i t y  o f m a la te  dehydrogenase e x h ib i te d  
a s l i g h t  r i s e  a f t e r  one week in  s t o r e ,  b u t  th e n  f e l l  to  55^  o f th e  
s t a r t i n g  v a lu e  by week 3* T h e r e a f te r ,  th e  s p e c i f i c  a c t i v i t y  
rem ained  c o n s ta n t  even when th e  f r u i t  w ere removed from  th e  s to r e  
( F ig .3)0
In  com plete c o n t r a s t  to  th e  r a p id  changes in  s p e c i f i c  
a c t i v i t i e s  o f  c i t r a t e  sy n th a s e , m a la te  dehydrogenase and m a lic  
enzyme, th e  s p e c i f i c  a c t i v i t y  o f  c e l l  w a ll bound a c id  in v e r ta s e  
rem ained  a t  a low le v e l  th ro u g h o u t s to r a g e ,  w h ile  th e  s p e c i f i c  
a c t i v i t y  o f  p o ly g a la c tu ro n a se  was u n d e te c ta b le  d u rin g  th e  f i r s t  7 
w eeks. However, upon rem oval from  th e  s t o r e ,  th e  s p e c i f i c  
a c t i v i t i e s  o f  b o th  enzymes ro s e  r a p id ly  w ith in  24h ( F ig ,4 ) .
A f te r  a sm a ll r i s e  betw een weeks 1 and 2 , th e  c h lo ro p h y ll  
c o n c e n tra t io n  s lo w ly  d e c l in e d  to  ^0^ o f i t s  i n i t i a l  v a lu e  by week 6. 
However, lycopene  co u ld  n o t be d e te c te d  u n t i l  a f t e r  week and 
rem ained  a t  a low l e v e l  th ro u g h o u t. When f r u i t  were removed from  
th e  s t o r e ,  c h lo ro p h y ll  d e c re a se d  r a p id ly  and ly copene  accum ulated  
a f t e r  a 24~48h la g  p e r io d  ( F ig .5 ) .
P r io r  to  th e  f r u i t  e n te r in g  th e  s t o r e ,  m inu te q u a n t i t i e s  
o f  e th y le n e  were d e te c ta b le  (ap p ro x . 0 ,2ppm ). A f te r  one week in  
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F ig ,2 Changes in  s p e c i f i c  a c t i v i t y  o f NADP-linked m a lic  enzyme and 
m a la te  c o n c e n tr a t io n  in  s to r e d  tom ato  f r u i t .
Changes in  s p e c i f i c  a c t i v i t y  o f NADP-linked m a lic  enzyme and c o n c e n tra t io n  
o f m a la te  in  tom ato f r u i t  c v . S o n a tin e , h e ld  a t  12°C in  6^ CO 
88^ Ng, and a f t e r  s ta n d in g  in  am bien t atm osphere and te m p e ra tu re .
Op and 
S p e c i f ic
a c t i v i t y  o f m alic  enzyme d u rin g  s to ra g e  (O O) o r a f t e r  s ta n d in g  in
am bient c o n d itio n s  (o O ). C o n c e n tra tio n  o f m a la te  d u rin g  s to ra g e  ( I — I )
o r a f t e r  s ta n d in g  in  am bient c o n d it io n s  (B  B )«  B ars a re  s ta n d a rd  e r r o r s
o f th e  mean of sam ples »
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F i g .3 Changes in  s p e c i f i c  a c t i v i t y  o f m a la te  dehydrogenase  in
s to r e d  tom ato  f r u i t .
Changes in  s p e c i f i c  a c t i v i t y  o f m a la te  dehydrogenase  in  tom ato  f r u i t  
c v . S o n a tin e , h e ld  a t  12°C in  6^ CO , 6^ 0^ and 88^ and a f t e r  
s ta n d in g  in  am bien t atm osphere and te m p e ra tu re .  S p e c i f ic  a c t i v i t y
d u rin g  s to r a g e  (O O) o r  a f t e r  s ta n d in g  in  am bien t c o n d it io n s  (O O)































F ig .4  Changes in  s p e c i f i c  a c t i v i t y  o f p o ly g a la c tu ro n a se  and a c id  
in v e r ta s e  in  s to r e d  tom ato  f r u i t .
Changes in  s p e c i f i c  a c t i v i t y  o f  p o ly g a la c tu ro n a se  and a c id  in v e r ta s e  in
tom ato  f r u i t  c v . S o n a tin e , h e ld  a t  12 C in  6% CO^, 6^ 0^ and 88^ and 
a f t e r  rem oval to  am hient a tm osphere  and te m p e ra tu re . S p e c i f ic  a c t i v i t y
o f  p o ly g a la c tu ro n a se  d u rin g  s to r a g e  (I H) o r a f t e r  rem oval to  am bient
c o n d i t io n s  (H — I ) .  S p e c i f ic  a c t i v i t y  o f in v e r ta s e  d u r in g  s to ra g e
(O O) o r  a f t e r  rem oval to  am bien t c o n d it io n s  (O O) . B ars a re











F i g ,5 V a r ia t io n  in  th e  c o n c e n tr a t io n  o f c h lo ro p h y ll  and lycopene
in  s to r e d  tom ato  f r u i t .
The c o n c e n tra t io n  o f  p igm ents in  tom ato  f r u i t  c v . S o n a tin e , h e ld  a t  
12*^ C in  6^ COg, 6% 0_ and 88^ a f t e r  rem oval to  am hient
te m p e ra tu re  and a tm o sp h e re . C o n c e n tra tio n  o f c h lo ro p h y l l  d u r in g  s to ra g e
(O O) o r a f t e r  rem oval to  am hien t c o n d i t io n s  (o  O ). C o n c e n tra tio n
o f lycopene d u r in g  s to ra g e  ( f l— H )  o r a f t e r  rem oval to  am hient 
c o n d i t io n s  (I H) . B ars a r e  s ta n d a rd  e r r o r s  o f  th e  mean o f 6 sam p les .
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6^ weeks th a t  e th y le n e  p ro d u c tio n  became m e a su ra b le . The 
c o n c e n tr a t io n  th e n  ro se  to  0.4ppm by week 7 and rem ained a t  t h i s  
l e v e l  u n t i l  week 10 , When th e  f r u i t  were removed to  a norm al 
a tm o sp h ere , th e re  was an im m ediate in c re a s e  in  th e  e v o lu tio n  o f 
e th y le n e  to  5PP° w hich th e n  f e l l  to  3»3ppm ( P ig .6 ) .
The c o n c e n tra t io n  o f  g lu c o se  and f r u c to s e  ro s e  from  
4 0 7 .8mg/g d ry  wt to  re a c h  a peak o f  454«lnig/g d ry  wt a f t e r  2 weeks 
in  s t o r e .  T here was a second peak in  f r u c to s e  c o n c e n tra t io n  a f t e r  
5 weeks b u t n o t in  g lu c o s e . Removal o f  f r u i t  t o  a norm al atm osphere 
d id  n o t r e s u l t  in  an  in c re a s e  in  m onosaccharide c o n c e n tr a t io n .
B iochem ical and P h y s io lo g ic a l  E xperim en ts on Whole Tomato F r u i t  
S to re d  in  th e  P re sen ce  and A bsence o f  E th y len e  (2)
The p rev io u s  experim en t d em o n stra ted  t h a t  in  c o n d i t io n s  d esig n ed  to  
p re v e n t e th y le n e  fo rm a tio n , th e r e  was a tem p o ra l s e p a r a t io n  betw een 
th o se  a s p e c ts  o f f r u i t  r ip e n in g  w hich in v o lv e  changes in  enzyme 
a c t i v i t i e s  and s u b s t r a te  c o n c e n tra t io n s  o f c a rb o h y d ra te  and o rg an ic  
a c id  m etabo lism , from th o se  a s p e c ts  c o n s id e re d  to  be s t im u la te d  by 
e th y le n e .  S in ce  th e  p re v io u s  experim en t was perform ed  under 
c o n d itio n s  in  which e th y le n e  s y n th e s is  was i n h i b i t e d ,  a second 
experim ent was d es ig n ed  to  compare th e  d i r e c t  e f f e c t s  o f e th y le n e  
on o rg an ic  a c id  m etabo lism  and on enzyme a c t i v i t i e s  known to  be 
s t im u la te d  by e th y le n e .  The e x p e rim e n ta l p ro ced u re  was i d e n t i c a l  to  
th e  p rev io u s  ex p erim en t, w ith  th e  e x c e p tio n  th a t  f r u i t  were sam pled 
d a i ly .  M ature g reen  f r u i t  w ere s to r e d  in  g la s s  ta n k s ,  one o f which 
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F ig ,6  E th y len e  e v o lu tio n  from  s to r e d  tom ato f r u i t
E th y len e  e v o lu tio n  from tom ato  f r u i t  c v . S o n a tin e , h e ld  a t  12 C in  
6^ CO , 6^ Og and 88^ and a f t e r  rem oval to  am hien t te m p e ra tu re
and a tm o sp h ere . E th y len e  e v o lu tio n  d u r in g  s to ra g e  (O O) o r a f t e r
rem oval to  am hient c o n d it io n s  (O O ). B ars a r e  s ta n d a rd  e r r o r s  o f
th e  mean c f  6 sam pleso
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C i t r a t e  sy n th a se  and m a la te  dehydrogenase e x h ib i te d  s im i la r  
q u a n t i t a t i v e  changes in  b o th  th e  c o n t ro l  and e th y le n e -su p p le m e n te d  
a tm o sp h ere  to  th o s e  d e s c r ib e d  in  experim en t ( l ) .  The a c t i v i t y  o f b o th  
enzymes f e l l  r a p id ly  w ith in  84h to  40^  o f t h e i r  s t a r t i n g  v a lu e s  and 
rem ained  c o n s ta n t  f o r  th e  d u ra tio n  o f  th e  e x p e rim e n t. C i t r a t e  
s y n th a s e  a c t i v i t y  in  sam ples ta k e n  from  th e  c o n t ro l  a tm osphere  f e l l  
s i g n i f i c a n t l y  f a s t e r  in  th e  f i r s t  24h , w h ile  th o se  from  th e  
e th y le n e -su p p le m e n te d  a tm osphere f e l l  s i g n i f i c a n t l y  f a s t e r  betw een 
48 and 72h ( F ig .7 ) .  The r e s u l t s  a r e  ex p re ssed  a s  p e rc e n ta g e  o f  
i n i t i a l  a c t i v i t y  r a t h e r  th a n  s p e c i f i c  a c t i v i t y  b e c a u se , d u rin g  th e  
l a t t e r  p a r t  o f  th e  experim en t from  day 5 onw ards, p e c t in  
i n t e r f e r e d  w ith  th e  B rad fo rd  p r o te in  a s s a y .  NABP-dependent m a lic  
enzyme showed no s i g n i f i c a n t  change in  norm al o r e th y le n e -  
supp lem en ted  atm ospheres»  M alate  dehydrogenase a c t i v i t y  in  th e  
c o n t r o l  f r u i t  f e l l  s i g n i f i c a n t l y  f a s t e r  in  th e  f i r s t  24h; t h e r e a f t e r ,  
th e r e  was l i t t l e  d i f f e r e n c e  in  th e  r a t e  o f  f a l l  f o r  e i t h e r  
t r e a tm e n t ( F ig .8 ) .
The c o n c e n tra t io n  o f  m a lic  a c id  f e l l  im m ed ia te ly  th e  f r u i t  
w ere p la c e d  in  th e  ta n k s  and th e r e  was no s i g n i f i c a n t  d i f f e r e n c e  
betw een  th e  t r e a tm e n ts .  M alic a c id  c o n c e n tra t io n  f e l l  to  50^  o f  th e  
s t a r t i n g  v a lu e  in  b o th  c a s e s .  C i t r i c  a c id  c o n c e n tra t io n  ro se  
s l i g h t l y  in  b o th  c a se s  b u t was n o t a f f e c te d  by e th y le n e  t r e a tm e n t .
The s p e c i f i c  a c t i v i t i e s  o f  b o th  a c id  in v e r ta s e  and 
p o ly g a la c tu ro n a s e  s t a r t e d  to  in c re a s e  a f t e r  5 days in  f r u i t  sam pled 
from  th e  c o n t r o l  a tm o sp h ere , w hereas in  f r u i t  from th e  atm osphere 
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Fig«7 Changes in  th e  a c t i v i t y  o f  c i t r a t e  sy n th a se  in  tom ato  f r u i t  
h e ld  in  th e  p re sen ce  o r absen ce  o f e th y le n e .
Changes in  a c t i v i t y  o f c i t r a t e  sy n th a se  d u rin g  a g e in g  o f tom ato  f r u i t  
c v . S o n a tin e , a t  am hien t a tm osphere and in  an a tm osphere  c o n ta in in g
27 p l / l  o f  e th y le n e , b o th  a t  22°C. (O O) am bient a tm o sp h ere .
( f — B )  a tm osphere c o n ta in in g  27 ^ l / l  o f e th y le n e .  B ars a re  s ta n d a rd  
e r r o r s  o f th e  mean o f  4 sa m p le s .
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F ig ,8 Changes in  a c t i v i t y  o f  m a la te  dehydrogenase in  tom ato f r u i t
h e ld  in  th e  p re sen ce  o r  absen ce  o f e th y le n e .
Changes in  a c t i v i t y  o f  m a la te  dehydrogenase d u r in g  a g e in g  o f tom ato 
f r u i t  c v . S o n a tin e , a t  am hient a tm osphere  and in  an atm osphere
c o n ta in in g  27 u l / l  o f e th y le n e ^ b o th  a t  22°C. (O O) am bient
a tm o sp h ere . ( B — H ) atm osphere  c o n ta in in g  27 j i l / l  e th y len eo  B ars 
a re  s ta n d a rd  e r r o r s  o f  th e  mean o f 4 sam p le s .
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s p e c i f i c  a c t i v i t y  a f t e r  3 days and reac h ed  a maximum v a lu e  by day 5. 
P o ly g a la c tu ro n a s e  s t a r t e d  to  in c re a s e  in  s p e c i f i c  a c t i v i t y  on day 4 , 
and reac h ed  a maximum v a lu e  on day 7 ( F ig .9 )°
C h lo ro p h y ll c o n c e n tra t io n  f e l l  to  ze ro  by day 6 in  f r u i t  
ta k e n  from  th e  e th y len e -su p p le m en te d  a tm o sp h ere , w hereas in  th e  
c o n t ro l  a tm osphere  over th e  same tim e p e r io d ,  th e  f a l l  in  
c o n c e n tr a t io n  from  a s im i la r  s t a r t i n g  v a lu e  was 35^ . In  f r u i t  from  
th e  e th y le n e -su p p le m e n te d  a tm osphere , lycopene  c o n c e n tra t io n  began  
t o  in c re a s e  betw een days 3 and 4> and by day 6 had reac h ed  
I5 ^ g /g  f r  w t, w hereas in  f r u i t  from th e  c o n t ro l  a tm o sp h ere , ly copene  
s t a r t e d  to  a p p e a r  by day 5 and by day 6 had on ly  reac h ed  
4 p g /g  f r  wt ( F ig ,10) .
B io ch em ica l Changes A sso c ia te d  w ith  R ipen ing  in  th e  r i n  Tomato M utant
In  c o n t r a s t  to  S o n a tin e , th e  r i n  m utant e x h ib i te d  a l t e r e d  p r o f i l e s  
f o r  c i t r a t e  sy n th a se  and m a la te  dehydrogenase a c t i v i t i e s  d u rin g  
m a tu ra tio n  and r ip e n in g .  The l a r g e s t  d isc re p a n c y  was th e  c o n tin u e d  
r i s e  in  s p e c i f i c  a c t i v i t y  o f c i t r a t e  sy n th a se  from  th e  m ature to  r ip e  
s t a t e ,  and th e  25^  f a l l  in  c i t r a t e  c o n c e n tra t io n  d u r in g  th e  same 
p e r io d  ( F i g . l l ) .  In  a d d i t io n ,  th e  c o n c e n tra t io n  o f c i t r i c  a c id  a t  
m a tu ra tio n  was c lo s e r  to  t h a t  o f m a lic  a c id  in  th e  r i n  compared w ith  
S o n a tin e , where c i t r i c  a c id  p redom inated . The f a l l  in  m a lic  a c id  
c o n c e n tra t io n  in  th e  r i n  was h a l f  t h a t  found in  S o n a tin e  and m a la te  
dehydrogenase  a c t i v i t y  in  th e  r i n  on ly  f e l l  by 10^ betw een th e  
m ature and r ip e  s t a t e s  ( F ig .1 2 ) . Two d e te rm in a tio n s  were made o f 
NADP-linked m a lic  enzyme a c t i v i t y  in  th e  r i n .  The r e s u l t s  were 



























F i g , 9 Changes in  th e  s p e c i f i c  a c t i v i t y  o f p o ly g a la c tu ro n a se  and a c id
in v e r ta s e  in  tom ato f r u i t  h e ld  in  th e  p re se n c e  o r  absen ce  o f 
e th y le n e •
Changes in  s p e c i f i c  a c t i v i t y  o f p o ly g a la c tu ro n a se  and a c id  in v e r ta s e  
d u rin g  a g e in g  o f tom ato  f r u i t  c v . S o n a tin e , a t  am bien t a tm osphere o r in  an 
am bient a tm osphere c o n ta in in g  27 j j l / l  o f e th y len e , b o th  a t  22 C, Open 
sym bols deno te  am bient atm osphere and c lo sed  sym bols deno te  a tm osphere 
c o n ta in in g  27 J i l / l  o f e th y le n e .  ( D o r H )  p o ly g a la c tu ro n a se  (O o r # )  




















F i g , 10 Changes in  th e  c o n c e n tr a t io n  o f  c h lo ro p h y ll  and lycopene in
tom ato f r u i t  h e ld  in  th e  p re sen ce  o r ab sen ce  o f e th y le n e .
The c o n c e n tra t io n  o f c h lo ro p h y l l  and lycopene d u r in g  a g e in g  o f tom ato 
f r u i t  c v . S o n a tin e  a t  am bien t a tm osphere  o r in  an  am bien t atm osphere 
c o n ta in in g  27 _ p l/l  o f e th y le n e ,b o th  a t  22 C. Open sym bols deno te  
am bient a tm osphere and c lo s e d  sym bols deno te  atm osphere c o n ta in in g  
27 ; i l / l  o f e th y le n e .  (O o r # )  C h lo ro p h y ll (P o r H )  Lycopene. B ars a re  




































F ig o l l  Changes in  s p e c i f i c  a c t i v i t y  o f  c i t r a t e  s y n th a se  and c i t r a t e  
c o n c e n tra t io n  in  r i n  tom ato  f r u i t .
Changes in  s p e c i f i c  a c t i v i t y  o f c i t r a t e  sy n th a se  and c i t r a t e  
c o n c e n tra t io n  in  r i n  tom ato f r u i t  a t  d i f f e r e n t  s ta g e s  o f  m a tu ra tio n .
(O O) c i t r a t e  sy n th a se  and (B — H )  c i t r a t e  c o n c e n tr a t io n .  B ars
a r e  s ta n d a rd  e r r o r s  o f th e  mean o f 3 sam p les .
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13-1 r 2 8

























F i g .12 Changes in  s p e c i f i c  a c t i v i t y  o f m a la te  dehydrogenase  and
m a la te  c o n c e n tra t io n  in  r i n  tom ato f r u i t .
Change in  s p e c i f i c  a c t i v i t y  o f  m a la te  dehydrogenase and m a la te  
c o n c e n tra t io n  in  r i n  tom ato f r u i t  a t  d i f f e r e n t  s ta g e s  o f  m a tu ra tio n
(O O) m a la te  dehydrogenase ( | — ■ )  m a la te  c o n c e n tr a t io n .  B ars
a re  s ta n d a rd  e r r o r s  o f th e  mean o f 3 sam ples»
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m ature and r ip e  s t a t e s ,  h u t a 40% in c re a s e  betw een th e  im m ature and 
m a tu re . In  S o n a tin e , th e  f a l l  in  s p e c i f i c  a c t i v i t y  o f  b o th  c i t r a t e  
sy n th a se  and m a la te  dehydrogenase to  40-50% of t h e i r  s t a r t i n g  v a lu e  
and th e  su b seq u en t co n stan cy  o f a c t i v i t y ,  su g g e s te d  a m a jo r sw itc h  
in  c e n t r a l  m etabo lism  accom panying th e  change from  m a tu r i ty  to  
r ip e n e s s .  A c c o rd in g ly , i t  was d ec id ed  to  p u r ify  and c h a r a c te r i s e  
c i t r a t e  sy n th a se  from  L . e scu le n tu m , to  d e te rm in e  i f  t h i s  enzyme 
p o sse ssed  any r e g u la to r y  p r o p e r t i e s  th a t  | m ight i n t e r a c t  w ith  th e  pronounced 
change in  s p e c i f i c  a c t i v i t y .
P u r i f i c a t i o n  o f C i t r a t e  S yn th ase
I n i t i a l  a t te m p ts  to  p u r i fy  c i t r a t e  sy n th a se  from  L . escu len tum  
u t i l i s e d  lEA E^Saphacel a s  an an io n  ex ch a n g er. However, a l th o u g h  th e  
enzyme bound to  t h i s  m a te r ia l  a t  pH 8 .0 ,  no a c t i v i t y  co u ld  be 
re c o v e re d  a f t e r  e lu t io n  w ith  a 0-500mM KOI g ra d ie n t  and t h i s  method 
was abandoned a f t e r  two a tte m p ts  ended in  f a i l u r e .
A method u s in g  Amicon dye m atrex  g e ls  was a t te m p te d , 
and T ab le 2 sum m arises th e  b in d in g  e f f ic ie n c y  o f th e  d i f f e r e n t  g e l s  
f o r  c i t r a t e  sy n th a se  from L . e scu le n tu m . The r e s u l t s  from  th e  
b in d in g  s tu d y  in d ic a te d  t h a t  g e l  Red A was th e  most fa v o u ra b le  m atrex  
w ith  w hich to  p u r ify  c i t r a t e  s y n th a s e .  T h is p a r t i c u l a r  g e l  had been  
used  s u c c e s s f u l ly  to  p u r ify  c i t r a t e  sy n th a se  from  B a c i l lu s  
m egaterium  and th e  enzyme had been shown to  p o sse ss  c a t a l y t i c  and 
r e g u la to ry  p ro p e r t ie s  which resem bled  th o se  o f eu lcary o tic  c i t r a t e  
sy n th a se  (Robinson e t  a l . ,  I 983 ) .
A t o t a l  o f f o r ty  u n i t s  (20 u n i t s  p e r  column) o f c i t r a t e
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T able 2
The B in d in g  E f f ic ie n c y  o f Amiooa M atrex G els f o r  C i t r a t e  
S yn th ase  from  L y co p e rs ico n  escu len tum
Green A 
B lue A 















Column 1 . d en o tes  th e  p e rc e n ta g e  o f a c t i v i t y  lo ad ed  onto 
th e  column th a t  bound to  th e  g e l  and was 
e lu te d  u s in g  th e  c o n d it io n s  b e lo w .
Column 2 . d en o tes  th e  p e rc e n ta g e  o f p r o te in  loaded  on to  
th e  g e l  and e lu te d  a s  b e lo w .
E lu t io n  c o n d it io n s  w ere: O .5M KGl in  50mM MOPS,
pH 7»9* C i t r a t e  sy n th a se  co u ld  n o t be e lu te d  
s p e c i f i c a l l y  u s in g  lOOpM o x a lo a c e ta te  + lOO^M CoA 
from any o f  th e  g e ls  u n d er th e  s p e c i f i e d  
c o n d i t io n s .
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sy n th a se  from  an 80% ammonium s u lp h a te  f r a c t i o n  were loaded  on to  
two sm a ll (lO x 0.5cm ) columns packed w ith  g e l  Red A. B oth columns 
had p re v io u s ly  been  e q u i l ib r a t e d  w ith  50raM MOPS, pH 7 ,8 ,  and th e  80% 
f r a c t i o n  had been  d ia ly s e d  a g a in s t  th e  same b u f f e r .  C i t r a t e  
sy n th a se  bound, and b o th  columns w ere washed e x te n s iv e ly  u n t i l  th e  
■^280 të lo w  0 .1 .  The columns w ere th e n  e lu te d  w ith  th e  fo llo w in g  
s o lu t io n s  :
(a )  lOOpM o x a lo a c e ta te  + lOCÿiM CoA, pH 7 .8
(b) 200pM o x a lo a c e ta te  + 200pM CoA, pH 7*8
(c )  500pM o x a lo a c e ta te  + 500pM CoA, pH 7*8
(d) lOC^M AcCoA + lOOpM c i t r a t e ,  pH 7*8
(e )  lOOpM o x a lo a c e ta te  + lOOjiM CoA + 
lOOpM in d o le  a c e t i c  a c id ,  pH 7*8
No e lu te d  a c t i v i t y  was d e te c te d  u s in g  any o f  th e  abovej f i n a l l y ,  b o th  
columns were e lu te d  w ith  O .5M KCl and 50% o f  th e  a c t i v i t y  a p p l ie d  was 
re c o v e re d .
ATP -  Sepharose
An 80% ammonium s u lp h a te  f r a c t i o n  (l5 m l, I 50 u n i t s )  were d ia ly s e d  
a g a in s t  th e  n :n n in g  b u f f e r  (50mlJ MOPS, pH J.8) and loaded  on to  th e  
column (1 X 10cm ). F ra c t io n s  w ere a ssay ed  and I 46  u n i t s  o f c i t r a t e  
sy n th a se  were re c o v e re d , in d i c a t in g  t h a t  c i t r a t e  sy n th a se  had n o t 
b o u n d . C i t r a t e  sy n th a se  (270 u n i t s )  from p igeon  b r e a s t  m uscle were 
th e n  loaded  and , a f t e r  w ash ing , 149 u n i t s  were found to  have passed  
th ro u g h  th e  colum n. The column was th e n  e lu te d  w ith  lOO^I 
oxaD oacetate  + lOOpM CoA ir  50mM MOIS, pH J.8 and 95 u n i t s  o f a c t i v i t y  
were re c o v e re d .
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C i t r a t e  sy n th a se  from L. es cu len tum  was f i n a l l y  p u r i f i e d  
u s in g  aniirioniuiii s u lp h a te  f r a c t i o n a t io n  (50- 8C^ f r a c t i o n ) ,  a l i n e a r  
s a l t  g r a d ie n t  from g e l Red A E&nd m o le c u la r  e x c lu s io n  chrom atography 
on S ep h ac ry l S-2C0. The jn i r i f i c a t io n  i s  sum m arised in  T ab le 3 and 
th e  e lu t io n  p r o f i l e s  from g e l Red A and S e p h a c ry l a r e  shown in  
( F ig s . 13 and I 4 ) .
C i t r a t e  S y n thase  -  E s tim a tio n  o f  by G el F i l t r a t i o n
The t h e o r e t i c a l  a s p e c ts  o f  d e te rm in a tio n  by g e l  f i l t r a t i o n  have 
been  d is c u s s e d  by Andrews (1964) .  B r ie f l y ,  th e  r e l a t i o n s h i p  betw een 
th e  ap p ro x im ate  o f p ro te in s  and t h e i r  e lu t io n  volum es from  g e l  
f i l t r a t i o n  columns i s  d e sc r ib e d  by th e  fo llo w in g  e q u a t io n :
Ve = Vo + KdVi
w here Ve i s  th e  e lu t io n  volum e, Vo i s  th e  v o id  volume ( th e  e l u t io n  
volume o f  a s o lu te  co m p le te ly  excluded  from  th e  i n t e r n a l  c a v i t i e s  of 
th e  g e l ) ,  Vi i s  th e  volume o f s o lv e n t  im bibed by th e  g e l  and Kd i s  
th e  volume f r a c t io n  o f s o lv e n t im bibed by th e  g e l  w hich i s  
a c c e s s ib le  to  a s o lu te »  Gel f i l t r a t i o n  does n o t m easure th e  t r u e  
m o le c u la r  w eigh t o f a p ro te in  b u t i t s  S to k e s ’ r a d iu s ,  which i s  
d e f in e d  a s  th e  r a d iu s  o f a p e r f e c t  u n h y d ra te d  sp h e re  h av in g  th e  same 
r a t e  o f  passage  th ro u g h  th e  g e l a s  an unknown p r o te in  » I f  unknown 
and m arker p ro te in s  a re  reg a rd ed  a s  s p h e r ic a l  g lo b u la r  p r o te in s ,  
th e n  in  most c a se s  a re a so n a b le  e s t im a t io n  o f  t h e i r  can be made.
In  p r a c t i c e ,  th e  o f an unknown p r o te in  can be e s tim a te d  by 
p l o t t i n g  log^Q o f m arker p ro te in s  a g a in s t  t h e i r  e lu t io n  volum es» 
The r e l a t i o n s h ip  i s  l i n e a r  over a la rg e  ra n g e . The e lu t io n  volume 
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F i g . 13 E lu t io n  p r o f i l e  o f c i t r a t e  s y n th a se  from M atrex Gel Red A
E lu t io n  p r o f i l e  o f c i t r a t e  sy n th a se  from M atrex Gel Red A, The column 
was e q u i l ib r a te d  w ith  ^OmM MOPS c o n ta in in g  50inM KCl, pH 7 . 8 . The 
column was e lu te d  w ith  a l i n e a r  KCl g r a d ie n t  betw een  $0-^00mM in  ^OmM HOPS, 
pH 7 .8 ; a t  a flow  r a t e  o f l^m l/b .. The open c i r c l e s  r e p re s e n t  p r o te in ,  
th e  c lo se d  sq u a re s  c i t r a t e  sy n th a se  a c t i v i t y  and th e  dashed  l i n e  th e  
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F i g ,14 E lu tio n  p r o f i l e  o f c i t r a t e  sy n th a se  from S ep h acry l S—200,
E lu t io n  p r o f i l e  o f c i t r a t e  sy n th a se  from S ep h acry l S -2 0 0 . The column was 
e q u i l ib r a te d  w ith  ^Oml^  MOTS, pH 7*8. The enzyme was lo ad ed  in  a t o t a l  
volume o f l .^ m l and th e  column was e lu te d  a t  a flow  r a t e  o f ^ .O m l/h .
The open c i r c l e s  r e p r e s e n t  e lu te d  p r o te in  and th e  c lo se d  sq u a re s  c i t r a t e  
sy n th a se  a c t i v i t y .
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This r e l a t i o n s h i p  h o ld s  f o r  most g lo b u la r  p r o te in s ,  a l th o u g h  some 
p ro te in s  te n d  to  d i s s o c ia te  in to  s u b - u n i ts  u nder c e r t a in  c o n d it io n s  
o f  pH and io n ic  c o n c e n tr a t io n .  Examples a r e  bo v in e  haem oglobin and 
la  c t  o g lo b u l in ,
The fo llo w in g  p r o te in s  o f  known m o le c u la r  w eigh t were used
a s  m a rk e rs : f e r r i t i n  (450>000 ) r  c a t a la s e  (240 , 000 ) ,  a ld o la s e
( 158 , 000 ) ,  b o v in e  serum  album in  (68 , 000 ) ,  chym otrypsinogen (25 , 000 )
and cyctochrom e C ( l2 ,5 0 0 ) .  One ml o f b u f f e r  s o lu t io n  c o n ta in in g
Img o f  each  o f  th e  above p r o te in s  was a p p l ie d  to  a ( l  x  lOOcm)
colum n. P r o te in s  were d e te c te d  in  th e  column e f f lu e n t  by th e
fo llo w in g  m ethodso Cytochrome 0 and f e r r i t i n  a r e  c o lo u re d  p r o te in s
and w ere d e te c te d  v i s u a l ly ;  th e  rem a in in g  f r a c t i o n s  were m easured a t
280nm to  d e t e c t  c a t a l a s e ,  a ld o la s e ,  and b o v in e  serum a lb u m in .
C i t r a t e  s y n th a s e  was d e te c te d  by a s s a y in g  i t s  a c t i v i t y .  The column
e lu t io n  p r o f i l e  ( F ig .15 ) shows w e ll d e f in e d  peaks w ith  no o v e r la p .
The v o id  volum e was 59^1, w e ll in s id e  th e  e lu t io n  volume o f  th e
l a r g e s t  p r o te in ,  f e r r i t i n  (65m l) , The p lo t  o f e lu t io n  volume a g a in s t
log^Q ( F ig ,16) in d ic a te s  a good l i n e a r  r e l a t i o n s h ip ,  w ith  th e
e x c e p tio n  o f  cytochrom e C, In  su b seq u en t e x p e rim e n ts , r ib o n u c le a s e
A(13 , 600) was s u b s t i tu t e d  f o r  cytochrom e C and found to  g iv e  a b e t t e r
f i t .  The e s tim a te d  M o f c i t r a t e  sy n th a se  from  L , escu len tum  i sr  -----------------------
104 , 0 0 0 , T h is  com pares w ith  an o f  .100,000 f o r  c i t r a t e  sy n th a se  
from b ean , c a u l i f lo w e r ,  w heat and m aize , and 65,000  f o r  mango 
(Weitzman and Danson, 1 9 7 6 ).
D e te rm in a tio n  o f  Pu r i t y and Sub-U nit
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F i g , 15 E lu t io n  p r o f i l e  o f m arker p ro te in s  from S ep h ac ry l S-200
E lu t io n  p r o f i l e  o f m arker p r o te in s  used  to  d e te rm in e  th e  M o f c i t r a t e  
sy n th a s e . From l e f t  to  r i g h t :  f e r r i t i n ,  c a t a l a s e ,  a ld o la s e ,  BSA, 
chym otrypsinogen and cytochrom e C. The arrow  in d ic a te s  th e  p o s i t io n  a t  
w hich p u r i f i e d  c i t r a t e  sy n th a se  from  L . escu len tum  was d e te c te d .  P ro te in s  
were loaded  s im u lta n e o u s ly  a t  a c o n c e n tr a t io n  o f  l.Omg/m l and th e  column 









P i g .16 E s tim a tio n  o f  c i t r a t e  sy n th a se
P lo t  o f e lu t io n  volume a g a in s t  log^^M^ o f  S ep h ac ry l S-200 m arker p r o te in s .
Prom l e f t  to  r i g h t  m arker p ro te in s  a r e :  cytochrom e C (1 2 ,5 0 0 ); chym otrypsinogen 
( 25 , 000 ) ,  BSA (68 , 000 ) ,  a ld o la s e  ( l5 8 ,0 0 0 ) ,  c a t a la s e  (240 ,000) and 
f e r r i t i n  (4 5 0 ,0 0 0 ) . The arrow  in d ic a te s  th e  ap p ro x im ate  o f
c i t r a t e  s y n th a s e  from escu len tum o R e s u lts  a r e  th e  mean o f 2
d e te rm in a tio n s  o
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7 .5 ^  SLS p o ly a c ry lam id e  g e l s „ The g e ls  were run  a t  3niA p e r g e l f o r  
a p p ro x im a te ly  4 h . A f te r  d e s ta in in g ,  th e  peak f r a c t i o n  was seen  to  
be homogeneous and th e  m a jo r ity  o f  th e  o th e r  f r a c t io n s  c o n ta in e d  two 
low m o le c u la r  w eigh t c o n ta m in a n ts . F i g .17 i l l u s t r a t e s  th e  scan  o f 
th e  peak tu b e .  To d e te rm in e  th e  s u b -u n i t  th e  fo llo w in g  p ro te in s  
w ere u se d : m yoglobin (17 , 000 ) ,  c a rb o n ic  an h y d rase  (3 0 ,0 0 0 ) ,
a ld o la s e  (4 0 ,000 ) and E . c o l l  p y ru v a te  dehydrogenase (5 6 ,0 0 0 , 83 ,000  
and 1 0 0 ,0 0 0 ). E ig h t pig o f  each  m arker and 8pig o f c i t r a t e  s y n th a se  
w ere loaded  and th e  g e ls  run  a s  ab o v e . However, th e  r e s u l t  was 
am biguous a s  th e  5^ ,000  E . c o l i  p y ru v a te  dehydrogenase s u b -u n it  
d id  n o t s e p a ra te  w e ll from  c i t r a t e  sy n th a s e  and th e  b e s t  e s tim a te  
f o r  th e  o f c i t r a t e  sy n th a se  was 5 0 -6 0 ,0 0 0 . A f u r th e r
p u r i f i c a t i o n  o f  c i t r a t e  sy n th a se  r e s u l t e d  in  two d i s t i n c t  bands 
s e p a ra te d  by 1 .5cm . Ten pig o f  t h i s  p r e p a ra t io n  were ru n  w ith  5^6 each 
o f  th e  fo llo w in g  B e o h rin g e r m a rk e rs : t r y p s in  i n h i b i t o r  (21 , 500 ) ,
b o v in e  serum album in  (6 8 ,0 0 0 ) and ENA polym erase (ec39j000,^155;000 and 
p i65^00p). F i g .18 i l l u s t r a t e s  th e  r e l a t i o n s h i p  betw een log^g  and 
m ig ra tio n  d is ta n c e ;  from  t h i s  th e  s u b -u n i t  o f th e  two bands w ere 
e s t im a te d  to  be 51;000 and 35,000* In  an  a t te m p t to  d e te rm in e  w hich 
band co rresp o n d ed  to  c i t r a t e  s y n th a s e , IC^g o f  p r o te in  were run on 
a 5^ n o n -d e n a tu r in g  g e l .  I t  was hoped t h a t  th e  two bands would 
s e p a r a te  enough to  a llo w  t h e i r  e x c is io n  from th e  g e l  and su b seq u en t 
s t a i n in g  f o r  a c t i v i t y .  T h is  was n o t p o s s ib le ,  how ever, a s  b o th  
p ro te in s  re p e a te d ly  ra n  a s  a sm ear and d id  n o t s e i)a ra te  in to  d i s c r e t e  
b a n d s . The n o n -d e n a tu r in g  g e ls  were run  w ith o u t a s e p a ra te  s ta c k in g  
g e l  and t h i s  undoub ted ly  c o n t r ib u te d  to  th e  poor r e s o lu t io n .  As w i l l  
be seen  l a t e r ,  when a s ta c k in g  g e l  was added th e  r e s u l t s  were 








F ig . 17 Gel scan  o f p u r i f i e d  c i t r a t e  sy n th a se
S p e c tro p h o to m e tr ic  t r a c e  o f a 7»5^ SDS g e l  showing a s in g le  peak 














Io q ^q M,
F i g .18 E s t i m t i c n  o f  c i t r a t e  s y n th a se  s u b -u n it
P lo t  o f e l e c t r o p h o r e t ic  m o b ili ty  a g a in s t  log^^M o f r 
in  th e  d e te iir jir ia tio n  o f th e  s u b - u n i t  s i z e  o f c i t r a t e
m arker p ro te in s  used  
sy n th a se  from
L . e s c u lentum . From l e f t  to  r i g h t  th e  p r o te in  m arkers a r e :  ti*ypsin
i n h i b i t o r  (2 1 ,5 ^ 0 ) j RN-k p o ly m e ra se ol(39?000), BSA (68 ,000 ) and th e  mean 
o f RNA polym erase p ( l5 5 ? 0 0 0 )  and KNA polym erase p ( l6 5 ? 0 0 0 ) .  Tlie arrow s 
in d ic a te  th e  log^^M^ o f th e  2 unknown b an d s .
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pH P r o f i l e  o f  P u rif ie d . C i t r a t e  Syn th a se
A ll a s sa y s  were perform ed in  MOPS, and th e  pH l i m i t s  were
7*0 -  9*0 . The pH o f  th e  e n t i r e  r e a c t io n  m ix tu re  was checked b e fo re  
n e u t r a l i s e d  o x a lo ace ta te  was ad d ed . F i g .19 shows th e  b ro ad  b e l l ­
shaped  p r o f i l e  from  pH 7*6 -  8 «4 w ith  a maximum betw een pH 7*9 ”  8 .0 .  
T h is com pares w ith  a pH maximum o f  7*5 f o r  c i t r a t e  s jT ith ase  from  
P h aseo lu s  v u lg a r i s  in  40mM phosphate  b u f f e r  (G re e n b la t t  and 
S a r k is s ia n ,  1973) and a maximum o f pH 8*9 f o r  c i t r a t e  sy n th a se  from 
m aize sc u te l lu m  in  20mM g ly c y lg ly c in e  b u f f e r  (Barba r e s  c h i e t  a t ., 1974)*
Therm al S t a b i l i t y  S tu d ie s  on P u r i f i e d  C i t r a t e  S y n th ase
P a r t  o f th e  r a t i o n a l e  f o r  p u r i f y in g  c i t r a t e  sy n th a s e  was t h a t  th e rm a l 
s t a b i l i t y  s tu d ie s  m ight in d i c a te  th e  p re sen ce  o f one o r  more 
isoenzym es. I f  t h i s  were th e  c a s e ,  th e n  th e  lo s s  o f  a p a r t i c u l a r  
isoenzym e cou ld  e x p la in  th e  c h a r a c t e r i s t i c  f a l l  in  s p e c i f i c  a c t i v i t y  
t h a t  occurs  betw een m a tu ra tio n  and r ip e n e s s .
C i t r a t e  sy n th a se  from  L . escu len tum  was in c u b a te d  in  a 
h e a te d  w a te r -b a th  a t  th e  fo llo w in g  te m p e ra tu re s ;  40°C, 45°C, 4 7 *5°C, 
90°C and 55°^» each  te m p e ra tu re , 16jag o f  enzyme were w ithdraw n 
and a ssay ed  a t  1 , 2 , 4> 6 , 8 and lOmin in t e r v a l s o  The r e s u l t s  a r e  
shown in  F i g . 20 an d , a p a r t  from th e  95°C p l o t ,  a l l  ap p e a r m onophasic. 
C o n c u rre n tly , th e  e f f e c t s  o f th e  two s u b s t r a t e s  and one o f  th e  
p ro d u c ts  on th e rm a l s t a b i l i t y  were m easured . A te m p e ra tu re  o f  
47*5°C was chosen , s in c e  a t  t h i s  te m p e ra tu re  Q^ffo i n a c t iv a t io n  o ccu rs  
betw een 3 and 4m in. C i t r a t e  sy n th a se  (200 p l) from  th e  peak 
S ep h acry l S-200 f r a c t io n s  was in c u b a te d  w ith  an eq u a l volume o f  th e
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F ig .1 9 The e f f e c t  o f  pH on c i t r a t e  s y n th a se  a c t i v i t y ,
The r e a c t io n  m ix tu re  c o n ta in e d  ^OmM MOPS, Oo2mM ace ty l-C o A , OolmM 
DTHB and enzyme» The pH o f th e  r e a c t io n  m ix tu re  was checked b e fo re  
n e u t r a l i s e d  o x a lo a c e ta te  (0,2mM) was added to  s t a r t  th e  re a c tio n »  













F ig » 20 Therm al in a c t iv a t io n  o f p u r i f i e d  c i t r a t e  s y n th a s e .
I n a c t iv a t io n  o f x u r i f i e d  c i t r a t e  s y n th a se  from L. e s c u le n tum, in c u b a te d
a t  th e  fo llo w in g  te m p e ra tu re s :  (O C, ( f -■ -—#% 5 0 ^ )  j (O  O  ,
47 .5 ^C ), # — 45 C) and (x x,  40 C) .
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fo llo w in g ; lOOmM, lOmM and ImM c i t r i c  a c id  ( tr iso d iu m  s a l t ) ,  lOOniM, 
lOmM and ImM i s o c i t r i c  a c id  ( tr iso d iu m  s a l t ) ,  lOmM and ImM 
o x a lo a c e ta te  and lOmM ace ty l-C o A , The r e s u l t s  a r e  i l l u s t r a t e d  in  
F i g s .21, 22 and 23 . O x a lo a c e ta te  a f f o r d s  hy f a r  th e  b e s t  p r o te c t io n  
a g a in s t  th e rm a l i n a c t iv a t io n ,  w hereas ace ty l-C oA  ap p ea rs  a c tu a l ly  t o  
enhance th e  r a t e  o f i n a c t i v a t i o n .  R e la t iv e ly  h ig h  c o n c e n tra t io n s  o f  
c i t r a t e  and i s o c i t r a t e  c o n fe r  l im ite d  p r o te c t io n  a g a in s t  th e rm a l 
i n a c t i v a t i o n ,  b u t  on ly  f o r  s h o r t  p e r io d s .
A c t iv a t io n  o f  P u r i f ie d  C i t r a t e  S yn th ase  by  In d o le  A c e tic  A cid
S a r k is s ia n  ( l$ 6 6 , 1970) re p o r te d  t h a t  c i t r a t e  sy n th a se  from  bean
h y p o c o ty l was a c t iv a te d  and m o d ified  in  m o le c u la r  s iz e  by th e  p la n t
hormone in d o le  a c e t i c  a c id  (IA A )• However, B rock and F le tc h e r  (1969)
co u ld  f in d  no ev id en ce  f o r  a c t i v a t io n  when th e y  r e p e a te d  th e  w ork.
In  th e  p re s e n t  work, th e  e f f e c t  o f IAA was exam ined a t  two
- 5  - 9c o n c e n tr a t io n s ,  4 x 10 M and 4 % 10 M, a t  s u b s t r a t e  c o n c e n tra t io n s  
ra n g in g  from  IQX Km to  0.5% Km. IAA was a llo w ed  to  in c u b a te  f o r  
3min a t  30°C w ith  2C^g o f c i t r a t e  sy n th a se  in  O^ïïM MOK, pH 7 .9 ,  
b e fo re  th e  a d d i t io n  o f  th e  rem a in in g  a s sa y  c o n s t i t u e n t s .
A d d i t io n a l ly ,  IAA and c i t r a t e  sy n th a se  w ere in c u b a te d  f o r  th e  same 
tim e in  th e  p resen ce  o f th e  a s sa y  c o n s t i tu e n t s  w ith  th e  e x c e p tio n  o f 
o x a lo a c e ta te .  In  no ca se  was any evidence, f o r  a c t iv a t io n  fo u n d .
In h ib i t i o n  o f  P u r i f ie d  C i t r a t e  S.^?nthase by DTHB
One o f th e  c h a r a c t e r i s t i c s  t h a t  d is t in g u is h e s  p la n t  c i t r a t e  sy n th a se s  
from an im al c i t r a t e  sy n th ases , i s  t h a t  many o f th e  fo rm er a p p ea r to  














F i g ,21 Theim al in a c t iv a t io n  o f c i t r a t e  sy n th a se  in  th e  p resen ce  of
c i t r a t e .
I n a c t iv a t io n  o f  i ^ r i f i e d  c i t r a t e  s jrn th ase  from L . e s culentum  in c u h a te d
a t  47.5°C  in  th e  p resen ce  o f :  (O 0 , JrriM c i t r a t e ) ,  (M—AN , lOmM










F i g ,22 Therm al i n a c t iv a t io n  o f  c i t r a t e  sy n th a se  in  th e  p resen ce  o f 
i s o c i t r a t e .
I n a c t iv a t io n  of ^ lu rif ie d  c i t r a t e  sy n th a se  from L, escu len tum  in c u h a te d  
a t  in  th e  p resen ce  o f :  (O------ 0 , ImM i s o c i t r a t e ) , (Ü—“ D  ,











Fig»23 Thermal in a c t iv a t io n  o f c i t r a t e  sy n th a se  in  th e  p resen ce  o f 
acetyl-C oA  and o x a lo a c e ta te .
In a c t iv a t io n  o f p u r i f i e d  c i t r a t e  sy n th a se  from L . e s culentum  in c u h a te d
in  th e  p resence o f  : (O 0 ,  30mM a c e t y l - C o A ) ,  (D — □  , b la n k  c o n ta in in g
b u f f e r  on ly ) and (t  f,  ImM o x a lo a c e ta te ) .
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DTNB, p -h y d rcx y -m e rc u rib en zo a te  and N -e th y l m aleim ide (Weitzman 
and B anson, 1 9 7 6 ). The in a c t iv a t io n  o f  c i t r a t e  s y n th a se  from 
L . e scu len tu m  by DTNB i s  shown in  F i g ,24 . P r o te in  (92;ig) in  
250^1 o f  50niM MOPS, pH 7*9, was in c u b a te d  w ith  an  eq u a l volume o f  
lOmM DTNB a t  29°C. At l^m in  i n t e r v a l s ,  80 p l o f  th e  m ix tu re  were 
added to  th e  norm al a s sa y  c o n s t iu e n ts .  An i d e n t i c a l  amount o f  p ig  
h e a r t  c i t r a t e  sy n th a se  was used  in  a p a r a l l e l  e x p e rim e n t. In  th e  
p re se n c e  o f  $mM DTNB, c i t r a t e  sy n th a se  from  L . escu len tu m  showed a 
slow  d e c l in e  in  a c t i v i t y  over 30min, th e n  a r a p id  d ro p  to  5^  o f th e  
s t a r t i n g  a c t i v i t y  betw een 30-45m in . The a c t i v i t y  o f  p ig  h e a r t  
c i t r a t e  s y n th a s e  f e l l  8^  over th e  same p e r io d ,  and a c o n t ro l  
c o n s i s t i n g  o f  an  eq u a l amount o f  c i t r a t e  sy n th a se  from  L . escu len tum  
in c u b a te d  in  50niM MOPS w ith o u t DTNB f e l l  16^ in  a c t i v i t y .
K in e t ic  P r o p e r t i e s  o f  P u r i f ie d  C i t r a t e  S y n thase
The Km f o r  each  s u b s t r a te  was d e te rm in ed  by v a ry in g  one s u b s t r a te  
from  200 -  6»2^ pM. w h ile  k eep in g  th e  o th e r  a t  a s a tu r a t i n g  
c o n c e n tr a t io n  ( 2 0 0 ^ ) .  Care was e x e rc is e d  th ro u g h o u t to  en su re  t h a t  
te m p e ra tu re  and tim in g  rem ained  a s  c o n s ta n t  a s  p o s s ib le .  D u p lic a te s  
o f a l l  a s s a y s  were perform ed and p lo t s  o f v a g a in s t  S were 
h y p e r b o l ic .  Km v a lu e s  f o r  o x a lo a c e ta te  and ace ty l-C oA  were 
d e te rm in ed  to  be l^juM and 1 8 ^  r e s p e c t iv e l y .  These f ig u r e s  c can pare  
w ith  l^uM and 28pM r e s p e c t iv e ly  f o r  c i t r a t e  s y n th a s e  from P haseo lus 
v u lg a r i s  (G re e n b la t t  and S a r k is s ia n ,  1973)> 3 4 ^  and 4pM f o r  
m ito c h o n d r ia l  c i t r a t e  sy n th a se  from m aize s c u te l lu m  (B a rb a re sc h i 
e t  a l . ,  1974) and 2,,6pM and 2 . 8 ^  f o r  r a t  l i v e r  c i t r a t e  sy n th a se  










F ig «24 In h ilo i t ic n  o f c i t r a t e  sy n th a se  hy DTNB.
I n h ib i t io n  o f p u r i f i e d  c i t r a t e  sy n th a se  from Lo escu len tum  in  th e  p resen ce
and absence o f 5mM DTNB. (O O), c i t r a t e  s y n th a se  from L. e s c ulentum
in  th e  p resen ce  o f 5mM DTITB; ( • ------ • ) ,  in  th e  p re sen ce  o f an e q u iv a le n t
volume o f  b u f f e r ;  ( □ — □ ) ,  p ig  h e a r t  c i t r a t e  s y n th a se  in  th e  p resen ce  o f 
5mM DTNB.
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I n h ib i t io n  o f  P u r i f ie d  C i t i a t e  S yn thase
A ll  e u k a ry o tic  c i t r a t e  s y n th a se  exam ined to  d a te  a r e  i n h ib i t e d  by 
ad en in e  n u c le o t id e s ,  n o rm a lly  in  th e  o rd e r  ATP>ADP>AMP, However, 
th e r e  i s  doubt c o n ce rn in g  th e  p h y s io lo g ic a l  s ig n i f i c a n c e  o f t h i s  
i n h i b i t i o n  and ev id en ce  h as  been  p re s e n te d  to  show th a t  b o th  th e  
ad en in e  n u c le o t id e s  and th e  n ic o tin a m id e  ad en in e  d in u c le o t id e s  
i n h i b i t  n o n - s p e c i f i c a l l y  (Weitzman and Danson, 1976; Weitzman 
e t  a l o, 1978; W eitzman, I98I) p ro b ab ly  due to  t h e i r  s i m i l a r i t y  to  
th e  s u b s t r a te  ace ty l-C oA  (H arfo rd  and W eitzman, 1975)*
C i t r a t e  sy n th a se  from  L . escu len tum  was in h ib i t e d  by  ATP 
and th e  r e s u l t s  a r e  shown in  F i g s . 25 and 2 6 « The in h i b i t i o n  was 
found to  be c o m p e tit iv e  w ith  r e s p e c t  to  acety l-C oA  and non­
c o m p e tit iv e  w ith  r e s p e c t  to  o x a lo a c e ta te .  The enzyme was in h i b i t e d  
to  a l e s s e r  e x te n t  by  ADP, No in h i b i t i o n  was d e te c te d  w ith  NADH 
betw een O.lmM and l.OmM; how ever, a t  a c o n c e n tra t io n  o f  lOmM, 
ap p ro x im a te ly  15% in h i b i t i o n  was d e te c te d ,
H i ia i  and Ueno (1977) have r e p o r te d  t h a t  c i t r a t e  sy n th a s e s  
from  Satsuma m andarin  and sw eet lim e were in h ib i te d  by th e  p ro d u c t 
o f th e  r e a c t io n ,  c i t r a t e .  In  th e  p re s e n t  work, c i t r a t e ,  i s o c i t r a t e  
and m a la te  were in v e s t ig a te d  a s  p o t e n t i a l  i n h i b i t o r s  o f c i t r a t e  
sy n th a se  from  L . escu len tum  a t  c o n c e n tra t io n s  ra n g in g  from 50pM to  
lOmM, b u t no in h i b i t i o n  was d e te c te d o
M alate  D ehydrogenase
D uring th e  p u r i f i c a t i o n  o f  c i t r a t e  sy n th a se  i t  was n o te d  t h a t  two 
peaks o f m a la te  dehydrogenase (MDH) a c t i v i t y  were e lu te d  from
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Figo25 I n h ib i t io n  o f c i t r a t e  sy n th a se  by ATP w ith  r e s p e c t  to  
ac e ty l-C o A ,
Double r e c ip r o c a l  p lo t  i l l u s t r a t i n g -  c o m p e tit iv e  i n h i b i t i o n  o f c i t r a t e
sy n th a se  a c t i v i t y  by ATP w ith  r e s p e c t  to  ace ty l-C o A . (O O), no
ATP; ( • -------f),  ATP; ( □ — □ ) ,  lOOpM, ATP; ( ■ — ■ ) ,  200pM ATP.
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F i g ,26 I n h ib i t io n  o f c i t r a t e  sy n th a se  by ATP w ith  r e s p e c t  to  
o x a lo a c e ta te ,
Double r e c ip r o c a l  p lo t  i l l u s t r a t i n g  n o n -c o m p e tit iv e  i n h i b i t i o n  o f 
c i t r a t e  sy n th a se  a c t i v i t y  by ATP w ith  r e s p e c t  to  o x a lo a c e ta te .  (O- 
no ATP; (# ------f),  lOOpiM ATP; ( □ — □ ) ,  200pM ATP.
0) ,
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M atrex Gel Red A, One peak , w hich c o n ta in e d  18^ o f  th e  t o t a l  
a c t i v i t y ,  c o -e lu te d  w ith  c i t r a t e  s y n th a se  a t  a KCl c o n c e n tra t io n  
o f 220mM, w h ile  th e  m a jo r i ty  o f MDH a c t i v i t y  e lu te d  a t  130mM 
KCl ( F ig .2 7 ) .
Mal a t e  D ehydrogenase t h a t  d id  n o t c o - e lu te  w ith  c i t r a t e  
sy n th a se  was f u r t h e r  p u r i f i e d  by F a s t  P ro te in  L iq u id  Chrom atography 
(FPLC) and s p e c i f i c  e lu t io n  from  g e l  B lue A« M alate  dehydrogenase 
(7300 u n i t s )  was load ed  on to  a Mono Q FPLC column (e q u iv a le n t  to  an 
an io n  exchanger) t h a t  had p re v io u s ly  been  e q u i l ib r a t e d  w ith  20mM 
b i s ,  t r i s  propane-H C l, pH 7*4° The column was e lu te d  w ith  a l i n e a r  
sodium c h lo r id e  g r a d ie n t  from  0- 350™M and f r a c t i o n s  were c o l le c te d  
by peak a r e a .  A ll  th e  a c t i v i t y  was re c o v e re d  in  th r e e  c o n se c u tiv e  
f r a c t i o n s .  F ra c tio n s  17, 18 and I 9 c o n ta in e d  r e s p e c t iv e ly  1300, 
5150 and 850 u n i t s .  The s p e c i f i c  a c t i v i t i e s  o f  th e s e  f r a c t io n s  
were :
F r a c t io n  17 1529 u n its /m g  p r o te in
F ra c t io n  18 4682 u n its /m g  p r o te in
F ra c tio n  I 9 1307 u n its /m g  p r o te in
F iv e  pg  o f p r o te in  from f r a c t io n  18 were lo ad ed  on a 1 2 .9 ^  SDS
p o ly acry lam id e  g e l  and 60p.g o f p r o te in  from  th e  g e l  Red A peak t h a t  
in c lu d e d  b o th  MDH and c i t r a t e  sy n th a se  were lo a d ed  on a s e p a ra te  
t r a c k .  The r e s u l t  f o r  f r a c t i o n  18 ( F ig ,28) shows one m ajo r band a t  
an approx im ate  M  ^ o f 44 ,000  and fo u r  m inor c o n ta m in a n ts . The m ajor 
band from f r a c t io n  18 co -m ig ra te d  w ith  a band on th e  t r a c k  
c o n ta in in g  b o th  MDH and c i t r a t e  sy n th a se  w hich c o n s t i tu te d  
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F i g ,27 C o -e lu tio n  o f  c i t r a t e  sy n th a se  and m a la te  dehydrogenase from 
M atrex Gel Red A,
E lu t io n  p r o f i l e  from M atrex Gel Red A o f c i t r a t e  sy n th a se  and m a la te  
dehydrogenase from L . e sc u le n tu m . The s a l t  g r a d ie n t  i s  n o t shov/n,
how ever, c i t r a t e  sy n th a se  (# ----- #) was e lu te d  a t  220mM KCl and m a la te









P ig .2 0  P a r t i a l l y  p u r i f i e d  m a la te  dehydrogenase»
Track 1 i l l u s t r a t e s  m alate  dehydrogenase which d id  n o t c o -e lu te  
w ith  c i t r a t e  sy n th a se  from g e l  Red A and was p a r t i a l l y  p u r i f ie d  
hy FPLC ( f r a c t io n  1 8 ) . Track 2 r e p re s e n ts  60pg o f p ro te in  from 
th e  g e l Red A peak th a t  in c lu d ed  b o th  c i t r a t e  sy n th ase  and m a la te  
dehydrogenase a c t i v i t y .  Note t r a c k  5, which i s  pepsin  from Sigma
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The th r e e  FPLC f r a c t io n s  were pooled  and d ia ly s e d ,  and 
2000 u n i t s  were lo ad ed  on a column o f g e l  B lue A (0 ,5  x 10cm) which 
had been  e q u i l ib r a t e d  w ith  20mM MOPS, pH 8*0 . The column was 
e lu te d  w ith  ImM m a la te  p lu s  ImM NADH in  th e  above b u f f e r .  MDH 
a c t i v i t y  was found to  e lu te  ov er a lo n g  sh a llo w  peak o f  20m l. 
However, a f t e r  c o n c e n tr a t in g  th e  f r a c t i o n s  to  1ml in  an  Amicon 
p re s s u re  c e l l ,  ^ g  o f  p r o te in  from t h i s  s o lu t io n  were lo ad ed  on a 
10^ SDS p o ly ac ry lam id e  g e l .  The r e s u l t  ( F ig ,29) in d ic a te s  a s in g le  
band w ith  an  e s tim a te d  o f 40 ,000  (F ig ,3 0 ) .  F iv e  }ig o f  t h i s  
p r o te in  were run  on a 5^ n o n -d e n a tu r in g  p o ly ac ry lam id e  g e l w hich , 
u n l ik e  th e  e a r l i e r  n o n -d e n a tu r in g  g e l s ,  c o n ta in e d  a s ta c k in g  g e l .
The g e l  t r a c k s  were d u p lic a te d  and th e  g e l  b i s e c te d ;  one h a l f  was 
s ta in e d  f o r  a c t i v i t y  and th e  o th e r  h a l f  f o r  p r o te in .  The a c t i v i t y  
s t a i n  in d ic a te d  fo u r  b a n d s , one o f w hich was much more in te n s e  th a n  
th e  o th e r  t h r e e .  Four p r o te in  bands w ere d e te c te d  w hich c o - s t a i n  
w ith  th e  a c t i v i t y  bands ( F i g .3 l ) .
M alate  dehydrogenase (24 ,000  u n i t s )  t h a t  d id  n o t c o - e lu te  
w ith  c i t r a t e  sy n th a se  from  g e l  Red A were d ia ly s e d  a g a in s t  d i s t i l l e d  
w a te r  to  remove s a l t  and loaded  on to  a 110ml LKB i s o - e l e c t r i c  
fo c u s s in g  colum n. A f te r  fo c u s s in g , 1ml f r a c t i o n s  were c o l le c te d  and 
fo u r  peaks o f  a c t i v i t y  were d e te c te d  ( F ig .32) w ith  p i v a lu e s  o f  4 «17, 
4 ,3 5 , 4*50 and 4*70. A s im i la r  fo c u s s in g  experim en t was conducted  
w ith  th e  f r a c t i o n  from g e l  Red A th a t  c o n ta in e d  b o th  MDH and c i t r a t e  
sy n th a se  a c t i v i t y .  F o cu ssin g  re v e a le d  one peak o f  a c t i v i t y  w ith  a 
p i o f 4 *1 7 * D uring th e  i s o - e l e c t r i c  f o c u s s in g ,  95^ o f th e  c i t r a t e  
sy n th a se  a c t i v i t y  was l o s t ,  w h ile  on b o th  o cca s io n s  more th a n  90^  of 







F ig , 29 P u r i f ie d  m alate  dehydrogenase .
A 10^ SDS s l a b  g e l  i l l u s t r a t i n g  pure  m a la te  dehyd rogenase  from 
L. es c u l e ntum in  t r a c k  2 .  5^g o f  m a la te  dehyd rogenase  v/ere lo a d e d









F i g ,30 E s tim a tio n  o f  m a la te  dehydrogenase  s u h -u n i t  M
P lo t  o f e l e c t r o p h o r e t i c  m o b ili ty  a g a in s t  log^^M^ o f m arker p ro te in s  
used  in  th e  d e te rm in a tio n  o f  th e  s u b -u n i t  s i z e  o f  m a la te  dehydrogenase 
from L. es cu le n tu m . From l e f t  to  r i g h t  m arker p ro te in s  a r e ;  lysozyme 
I4 ,3 0 b l^  ^ - l a c t c g l o b u 1in  ( l 8 , 400 ) ,  try p s in o g e n  (24 , 000 ) ,  ovalbum in 
4 5 ,0 0 0 ; and BSA (6 6 ,0 0 0 )»  The ari'ow  in d i c a te s  th e  ap p ro x im ate  log^^M^ 
o f  th e  m a la te  dehydrogenase  s u b - u n i t .
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F i g , 31 R e s o lu t io n  o f  m a la te  d ehyd rogenase  isoenzym es on non­
d e n a t u r i n g  p o ly a c ry la m id e  g e l .
N a t iv e  p o ly a c ry la m id e  s l a b  g e l  i l l u s t r a t i n g  th e  f o u r  isoenzym es o f  
m a la te  d e h y d ro g e n a s e .  The a c t i v i t y  s t a i n  i s  on t h e  l e f t  and th e  
p r o t e i n  s t a i n  on th e  r i g h t .  F iv e  ^ g  o f  p r o t e i n  were lo ad e d  on each  














F i g , 32 R e s o l u t i o n  o f  m a l a t e  d e h y d ro g e n a se  isoenzym es hy  i s o ­
e l e c t r i c  f o c u s s i n g .
E l u t i o n  p r o f i l e  o f  m a la te  d e h y d ro g e n a se  isoenzym es from an  IKB i s o ­
e l e c t r i c  f o c u s s i n g  column ( l l O m l ) .  The pH g r a d i e n t  i s  shown hy  th e  open 
c i r c l e s  and m a la te  d e h y d ro g e n a s e  a c t i v i t y  hy th e  c lo s e d  c i r c l e s ,  2 4 ,000  
u n i t s  were added  i n  a  t o t a l  o f  2ml t o  t h e  l i g h t  s o l u t i o n  and  2 2 ,780  
r e c o v e r e d .  I n i t i a l l y ,  5OOV were a p p l i e d  to  t h e  column; t h i s  was 
g r a d u a l l y  i n c r e a s e d  t o  2 ,000V . F o c u s s in g  was com ple ted  when th e  c u r r e n t  
s t a b i l i s e d  a t  i t s  lo w e s t  l e v e l .
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76,000 by g e l  p erm eatio n  chrom atography u s in g  Sephadex G-IQQ in  
50mM MOPS, pH 8 ,0  ( F ig .33)» M arker p ro te in s  used  w ere: 
a ld o la s e  (158 , 000 ) ,  b o v in e  serum  album in (68 , 000 ) ,  ovalbum in (45 , 00 0 % 
chym otrypsinogen  (25 , 000 ) and r ib c n u c le a s e  A (13 ,600% ,. P ro te in s  
w ere d e te c te d  w ith  a 280nm l i g h t  so u rce  w hich was co n n ec ted  to  an 
LKB chopper b a r  r e c o r d e r .
D e te c tio n  o f  H A B -Iso c itra te  D ehydrogenase, HAD-Malic Enzyme and 
p y ru v a te  and oL -O x o g lu ta ra te  D ehydrogenase in  L . escu len tum
One o f  th e  main problem s en co u n te red  in  a s s a y in g  HAD-dependent 
i s o c i t r a t e  d eh yd rogenase , NAD-dependent m a lic  enzyme and p y ru v a te  
a n d o L -o x o g lu ta ra te  d eh y d ro g en ases , i s  t h a t  th e y  a r e  a l l  la rg e  
o lig o m e ric  r e g u la to r y  p ro te in s  and a r e  th e r e f o r e  s u s c e p t ib le  to  
damage d u rin g  e x t r a c t i o n .  The oxoacid  dehydrogenase com plexes a re  
e s p e c i a l l y  prone to  damage, a lth o u g h  th e y  n o rm a lly  r e t a i n  t h e i r  
d ih y d ro lip o am id e  dehydrogenase (E3 ) a c t i v i t y .  A d d i t io n a l ly ,  tom ato  
f r u i t  c o n ta in  r e l a t i v e l y  sm a ll amounts o f  p r o te in  ( s u p e rn a ta n ts  
c o n ta in  ap p ro x . Im g/m l) w hich means th a t  th e r e  i s  n o t much a c t i v i t y  
to  s t a r t  w ith .  Tomato s u p e rn a ta n t  a l s o  c o n ta in  an a c t iv e  NADH 
o x id ase  w hich i n t e r f e r e s  w ith  HAD-linked enzyme a s s a y s .
The f i r s t  method a tte m p te d  was to  i n a c t iv a te  th e  MDH 
o x id ase  w ith  3GniM c y a n id e . However, th e  cy an id e  must be removed a s  
i t  would i n t e r f e r e  w ith  th e  p y ru v a te  dehydrogenase a s sa y  by 
p re v e n tin g  th e  r e d u c t io n  o f  M D ^. M ature g reen  S o n a tin e  (80g) w ere 
e x t r a c te d  a s  d e sc r ib e d  and po tassium  cyan ide  was added to  3nil o f  th e  
r e s u l t i n g  s u p e rn a ta n t to  g iv e  a f i n a l  c o n c e n tra t io n  o f 2,0ïïM, The 
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F ig .3 3  E s tim a tio n  o f m a la te  dehydrogenase  M
P lo t  o f e lu t io n  volume a g a in s t  log^QM f o r  Sephadex G-lOO m arker p ro te in s  
R e su lts  a re  th e  mean o f th r e e  d e te rm in a tio n s  in  which, th e  e lu t io n  volum es 
f o r  each p r o te in  v a r ie d  l e s s  th a n  0 .5 m l. From l e f t  to  r i g h t  th e  m arker 
p ro te in s  a r e :  r ih o n u c le a s e  A ( l3 ,6 0 0 ) ,  chym otrypsinogen  (2 5 ,0 0 0 ) , 
ovalbum in (4 5 ,0 0 0 ) , PSA (68 ,000 ) and a ld o la s e  (1 5 8 ,0 0 0 ) . T}ie arrow  
in d ic a te s  th e  ap p ro x im ate  log^O ^r m a la te  dehydrogenase from 
L . escu len tu m .
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e q u i l i b r a t e d  in  50mM phosphate  b u f f e r ,  pH 8 .0 .  The s o lu t io n  
c o n ta in e d  a few m icrogram s o f  D ex tran  B lue and r ib o f l a v in  w hich 
a c te d  a s  v i s u a l  m a rk e rs , th u s  a llo w in g  r a p id  d e te c t io n  o f  p r o t e i n s ,  
MDH was u sed  to  d e te c t  a c t i v i t y ,  w hich was e lu te d  in  th e  f i r s t  3ml 
a f t e r  th e  D ex tran  B lu e . No NADH o x id ase  a c t i v i t y  was d e te c te d  in  
th e s e  f r a c t i o n s  b u t  n e i th e r  was any p y ru v a te  o ro L -o x o g lu ta ra te  
d eh y d ro g en a se . The experim en t was re p e a te d  a f t e r  c o n c e n tr a t in g  th e  
s u p e rn a ta n t  by one o f  two m ethods:
1 . By f r a c t i o n a t i n g  th e  s u p e rn a ta n t  w ith  80^ ammonium s u lp h a te  and 
re su sp e n d in g  th e  r e s u l t i n g  p e l l e t  in  a minimum volume o f  b u f f e r ,
2 .  By e n c lo s in g  th e  s u p e rn a ta n t  in  d i a l y s i s  tu b in g  and rem oving 
w a te r  by e v a p o ra tio n  a t  in  a fo rc e d  a i r  s tre a m .
In  n e i t h e r  case  was any a c t i v i t y  d e te c te d .  I t  was d ec id ed  to  a s s a y  
f o r  d ih y d ro lip o am id e  dehydrogenase (E3) a c t i v i t y .  However, th e  
s u b s t r a t e  d ih y d ro l ip o a te  r e q u ir e s  a lc o h o l f o r  s o l u b i l i t y  and th e  
s u p e rn a ta n t  from tom ato  e x t r a c t  c o n ta in s  an a c t iv e  a lc o h o l 
dehydrogenase  w hich a g a in  i n t e r f e r e d  w ith  th e  a s s a y .  In  f a c t  
p y ru v a te  dehydrogenase a c t i v i t y  was n o t d e te c te d  u n t i l  m ito c h o n d ria  
w ere p u r i f i e d  and c o n c e n tra te d  by s u b - c e l l u l a r  f r a c t io n a t io n  l a t e r ,
N A D -Iso c itra te  D ehydrogenase and NAD-Malic Enzyme
Cox and D avies (1967) showed t h a t  NAD-linked i s o c i t r a t e  
dehydrogenase  e x t r a c te d  from pea m ito ch o n d ria  was in h ib i te d  by 
c h lo r id e  io n s .  They d em o n stra ted  t h a t ,  a t  75^ s a tu r a t in g  s u b s t r a t e  
c o n c e n tr a t io n ,  a b u f f e r  c o n ta in in g  c h lo r id e  io n s  would cause
605  ^ i n h i b i t i o n  o f enzyme a c t i v i t y .  T his was a n o th e r  re a so n  f o r
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chang ing  from t r i s -H C l to  MOPS, a l th o u g h , a t  th e  t im e , i t  made 
l i t t l e  d i f f e r e n c e  to  th e  d e te c t io n  o f  NAD-linked i s o c i t r a t e  
d eh y d ro g en ase . H i th e r to ,  th e  e x is te n c e  o f  NAD-linked i s o c i t r a t e  
dehydrogenase in  L . escu len tu m  has n o t been  d e m o n s tra te d . A lthough  
Hobson (1974) d e te c te d  i s o c i t r a t e  dehydrogenase by s t a i n in g  f o r  
a c t i v i t y  on p o ly a c ry lam id e  g e l s ,  he d id  n o t  s t a t e  w h eth er th e  
a c t i v i t y  was NAD- o r  NADP-dependent.
The m ethods u sed  in  a t te m p tin g  to  d e te c t  p y ru v a te  and 
c c -o x o g lu ta ra te  a c t i v i t y  w ere employed f o r  NAD-linked i s o c i t r a t e  
dehydrogenase and NAD-linked m a lic  enzyme, a g a in  w ith o u t s u c c e s s .
I t  was th e r e f o r e  d ec id ed  to  a tte m p t to  d e te c t  a c t i v i t y  by s t a i n in g ,  
u s in g  th e  method o f  H a r r is  and H opkinson (1 9 7 6 ). Two ml o f 
s u p e rn a ta n t  e x t r a c te d  from  m ature g re e n  S o n a tin e  were p assed  th ro u g h  
a sm a ll column o f Sephadex G-25 to  remoye any s a l t s  t h a t  m ight 
i n t e r f e r e  w ith  e l e c t r o p h o r e s i s ;  100^1 o f th e  s u p e rn a ta n t  w ere mixed 
w ith  th e  same volume o f d is s o lv in g  b u f f e r  and lo ad ed  on to  5^ non­
d e n a tu r in g  p o ly ac ry lam id e  g e l s .  The g e ls  w ere ru n  in  th e  co ld  room 
a t  3mA p e r g e l  an d , a f t e r  e le c t r o p h o r e s i s ,  w ere s ta in e d  f o r  m a la te  
dehyd rogenase , NAD-dependent i s o c i t r a t e  dehydrogenase  and 
NADP-dependent i s o c i t r a t e  dehydrogenase a c t i v i t i e s .  The u s u a l 
p re c a u tio n s  w ere ta k e n  to  keep  s o lu t io n s  o f  MTT and PMS away from 
th e  l i g h t .  B oth LCDH and NADP-dependent i s o c i t r a t e  dehydrogenase 
s ta in e d  f o r  a c t i v i t y ,  th e  fo rm er w ith in  o f  s t a i n i n g  and th e
l a t t e r  w ith in  30min. There were 4 d i s t i n c t  b ands o f  MDH a c t i v i t y  
and 2 o f NADP-dependent i s o c i t r a t e  d eh y d ro g en ase . No s t a i n  appeared  
f o r  NAD-dependent i s o c i t r a t e  dehydrogenase a c t i v i t y .
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I t  was d ec id ed  a t  t h i s  p o in t to  a ssa y  f o r  NAD-dependent 
i s o c i t r a t e  dehydrogenase  in  a p la n t  t i s s u e  in  w hich i t  had a l re a d y  
been  d e te c te d .  The t i s s u e  chosen  was sw ede, from  w hich th e  enzyme 
had b een  s u c c e s s f u l ly  e x t r a c te d  (D ennis and C o u lta te ,  I 967 ) .  The 
p u b lish e d  method was fo llo w e d , excep t t h a t  50niM MOPS was s u b s t i t u t e d  
f o r  50mM t r i s  and th e  su c ro s e  c o n te n t o f th e  b u f f e r  was reduced  from  
700mM to  300mM, NAD-dependent i s o c i t r a t e  dehydrogenase a c t i v i t y  was 
d e te c te d  in  th e  resu sp en d ed  ace to n e  powder o f  th e  c rude  
m ito c h o n d r ia l  p e l l e t  and th e  a c t i v i t y  was l i n e a r  w ith  r e s p e c t  to  
enzyme c o n c e n tr a t io n  betw een 17<>5 -  7Qpl o f  e x t r a c t .  No a c t i v i t y  was 
found  in  th e  s u p e rn a ta n t ;  how ever, NADP-dependent i s o c i t r a t e  
dehydrogenase  a c t i v i t y  was d e te c te d  in  th e  s u p e rn a ta n t  and , in  te rm s 
o f  r a t e ,  was an o rd e r  o f  m agnitude g r e a t e r  th a n  in  L . e scu le n tu m .
H aving e x t r a c te d  th e  enzyme from  sw ede, th e  same p ro ced u re  
was a p p l ie d  to  tom ato  f r u i t . I t  was t h o u ^ t  a d v an tag eo u s , how ever, 
to  s o n ic a te  th e  crude  m ito c h o n d r ia l p e l l e t  r a t h e r  th a n  make an 
a c e to n e  pow der. The p e l l e t  was th e r e f o r e  d iv id e d  in t o  tw o; one h a l f  
was s o n ic a te d  f o r  th r e e  15se c  b u r s t s  a t  I 5 w a tts  o u tp u t and th e  
o th e r  h a l f  c o n v e rte d  in to  an ace to n e  pow der. No NAD-dependent 
i s o c i t r a t e  dehydrogenase a c t i v i t y  was d e te c te d  in  th e  s o n ic a te d  
p o r t io n ,  w hereas a c t i v i t y  was d e te c te d  in  th e  resu sp en d ed  ace to n e  
pow der. The enzyme was found to  be ex trem ely  l a b i l e ,  lo s in g  50^ 
a c t i v i t y  in  30min; th e  pH optimum was 7*6 . NAD-dependent m a lic  
enzyme a c t i v i t y  was a l s o  d e te c te d  in  th e  same a c e to n e  powder e x t r a c t .  
However, when a l iq u o ts  from  th e  crude m ito c h o n d r ia l  p e l l e t  were 
in c u b a te d  in  th e  p resen ce  o f 0 .0 3 ^  T r i to n  X-100, g r e a t ly  in c re a s e d  
r a te s  f o r  b o th  enzymes were d em o n stra ted . Both enzymes had an
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2+a b s o lu te  re q u ire m e n t f o r  a d iv a le n t  c a t io n  and Mn was used  in  a l l
a s s a y s .  The pH optimum f o r  NAD-dependent m a lic  enzyme was found  to
be pH 8 .0 .  T h is  d i f f e r s  m arkedly  from  th e  pH v a lu e s  f o r  NAD-
d ependen t m a lic  enzyme from  c a u l i f lo w e r  o f 6 .9  (M acrae, 1971) and
6 .4  (D avies and P a t i l ,  1975)* r a t e  was d e te c te d  f o r  NAD-
2+dependen t m a lic  enzyme from  L . e scu len tu m  when e i t h e r  Mh c r  m a la te  
were a b s e n t from  th e  a s s a y .  However, in  an a t te m p t to  d e te rm in e  
th a t  NAD-dependent m a lic  enzyme was b e in g  m easured and n o t  MDH, i t  
was d ec id ed  to  d e te rm in e  th e  p ro d u c t o f  th e  r e a c t io n  -  p y ru v a te .
The m a lic  enzyme r e a c t io n  was a llo w ed  to  go to  co m p le tio n  a t  pH 8 .0  
and 5 u n i t s  o f  l a c t a t e  dehydrogenase  w ere added to  each  o f  th e  
c o n t ro l  and r e a c t io n  c u v e t te s .  NADH o x id a tio n  o ccu rred  th a t  was 
s to ic h io m e tr ic  w ith  th e  amount o f  NAD"^  reduced  in  th e  i n i t i a l  
r e a c t io n .  However, when 5 u n i t s  o f th e  same l a c t a t e  dehydrogenase 
w ere added to  a c u v e t te  c o n ta in in g  b u f f e r ,  0.2mM o x a lo a c e ta te  and
0.4mM NADH, th e  o x id a tio n  o f NADH o c c u rre d , a l b e i t  a t  a s lo w e r r a t e  
th a n  t h a t  o b served  in  th e  i n i t i a l  a s s a y .  T h is  in d ic a te d  th a t  th e  
l a c t a t e  deh^’-drogenase was co n tam in a ted  w ith  MDH a c t i v i t y .  The 
c o n ta m in a tin g  MDH a c t i v i t y  was removed by FPLC and th e  i n i t i a l  a s sa y  
re p e a te d ,  w ith  th e  same r e s u l t ;  t h i s  confirm ed  th a t  th e  p ro d u c t was 
ind eed  p y ru v a te .
S in ce  i t  was now p o s s ib le  to  a s s a y  th e  m a jo r ity  o f enzymes 
t h a t  were d i r e c t l y  in v o lv e d  in  c i t r i c  and m a lic  a c id  m etabo lism , i t  
was d ec id ed  to  i n v e s t i g a t e  t h e i r  e x a c t c e l l u l a r  lo c a t io n .  T his 
would se rv e  s e v e r a l  p u rp o se s ;
1 . I t  would p ro v id e  c o n c re te  ev id en ce  f o r  th e  s i t e  o f o rg an ic  
a c id  s y n th e s i s .
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2 . D e f in i t iv e  ev idence  cou ld  be o b ta in ed  re g a rd in g  th e  e x is te n c e  
o f th e  g ly o x y la te  c y c le  w ith in  r ip e n in g  tom ato f r u i t  (Doyle 
and Wang, I 96O ).
3 . I t  w ould p ro v id e  f u r th e r  d a ta  on th e  e x is te n c e  o f  isoenzym es 
o f  c i t r a t e  sy n th a se  o r  any o f th e  o th e r  enzymes u n d er s tu d y .
S u b -C e llu la r  F r a c t io n a t io n  o f F r u i t  from  L , escu len tum  u s in g  
P e r c o l l  G ra d ie n ts
P e r c o l l  i s  a h e te ro g en eo u s  s i l i c a  s o l ;  th e  p a r t i c l e s  ran g e  from 
13-30nm and a r e  c o a te d  w ith  PVP, P e rc o l l  has s e v e ra l  ad v an tag es  
over s u c ro se  a s  a g r a d ie n t  medium; (a) i t  i s  iso -o s m o tic  th ro u g h o u t 
th e  g r a d ie n t ;  (b) b ecau se  o f  i t s  low v i s c o s i t y ,  low s p in  speeds and 
low c e n t r i f u g a l  f o r c e s  can be  employed; (c )  i t  can form  s e l f ­
g e n e ra te d  g r a d ie n ts  w ith in  th e  tu b e ; (d) i t  i s  u n ab le  to  p e n e t r a te  
b io l o g ic a l  m em branes. T hese , p lu s  th e  f a c t  t h a t  p re -fo rm ed  g r a d ie n ts  
can be s to r e d  a lm o st i n d e f i n i t e l y ,  make P e r c o l l  an a t t r a c t i v e  
g r a d ie n t  medium.
G rad ien t S ta n d a rd is a t io n
P e r c o l l  was made is o -o s m o tic  w ith  2 . 5M su c ro se  and th e n  d i lu te d  w ith  
P e rc o l l  d i l u t i o n  b u f f e r  in  th e  fo llo w in g  r a t i o s .  A l l  f ig u r e s  a re  
in  m l.
P e r c o l l  35 31+5 28 2 4 .5  21 I 7 .5  U 10 .5  7 3 .5
D ilu t io n
B u ffe r  0 3 .5  7 10 .5  %4 17 .5  21 2 4 .5  28 31-5
Ten pil o f each  d e n s ity  bead  were loaded  onto  each  g r a d ie n t  and th e
g ra d ie n ts  spun a t  40 ,000g^^^  f o r  25min. A p lo t  o f bead  d e n s ity
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a g a in s t  b ead  v a lu e s  i s  shown in  F i g . 34 and a p i c t o r i a l  d is p la y  
i s  i l l u s t r a t e d  in  F ig .3 5 ,
P r e p a ra t io n  o f  G rad ien t Samples
S e v e ra l m ethods were employed to  b re a k  open th e  c e l l s  and e x t r a c t  
i n t a c t  o r g a n e l l e s . The i n i t i a l  m ethods a l l  u sed  some form  o f 
m ech an ica l s h e a r in g  d e v ic e  to  hom ogenise th e  f r u i t  and b re a k  open 
th e  c e l l s .  However, a l th o u g h  th e  r e s u l t s  im proved w ith  p r a c t i c e ,  
th e  b e s t  method n e v e r  ach iev ed  r e s p i r a t o r y  c o n t r o l  r a t i o s  b e t t e r  
th a n  tw o . E v e n tu a lly ,  a m o d if ic a t io n  o f th e  method o f Hobson (1969) 
was u s e d . A lthough  ex trem ely  te d io u s ,  e s p e c i a l l y  when u s in g  sm a ll 
f r u i t ,  th e  method gave e x c e l le n t  r e s u l t s  w ith  t i g h t l y  coup led  
m ito c h o n d ria  ( F ig .36 ) .
T hree ml o f th e  re su sp en d ed  c ru d e  m ito c h o n d r ia l  p e l l e t  
from  m atu re  g reen  S o n a tin e , c o n ta in in g  a p p ro x im a te ly  I8mg o f p r o te in ,  
w ere lo ad ed  on to  a 60^ P e r c o l l  g r a d ie n t ;  th e  tu b e  was in v e r te d  
s e v e r a l  tim es  and th e n  spun a t  40 ,000g^^^  f o r  30min. The r e s u l t  
showed no s e p a r a t io n  o f m ito c h o n d ria  o r  c h lo ro p la s ts  w ith in  th e  
g r a d ie n t .  S e v e ra l g r a d ie n ts  were spun f o r  lo n g e r  p e r io d s ,  o r a t  
f a s t e r  sp e e d s , b u t a l l  w ith  th e  same r e s u l t s .  E v e n tu a lly ,  i t  was 
d ec id ed  to  f r a c t i o n a t e  th e  m ito c h o n d ria  and c h lo ro p la s ts  on s e p a ra te  
g r a d i e n t s .
M ito c h o n d ria l F r a c t io n a t io n
A d i f f e r e n t i a l  c e n t r i f u g a t io n  d es ig n ed  to  s e p a ra te  th e  m a jo r ity  of 
th e  c h lo ro p la s ts  from m ito c h o n d ria  was d ev ised  (se e  Methods p.35>
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bead position from  bottom of tube [mm].
F i g .34 D iagram m atic r e p r e s e n ta t io n  o f P e r c o l l  g r a d ie n t  s ta n d a r d is a t io n .
P lo t o f bead m ig ra tio n  d is ta n c e  a g a in s t  bead d e n s ity  o f  P e rc o l l  i n t e r n a l  
g ra d ie n t  m arker beads f o r  a s e r i e s  o f d i f f e r e n t  g r a d ie n t s .  From l e f t  to  
r i g h t  th e  amount o f is o -o s m o tic  P e rc o ll to  d i l u t i o n  b u f f e r  i s  as  
fo llo w s : 90^) 70^7 60^. 90^ and 30^. F o r d e t a i l s  se e  M ethods, p .36.
1C6
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F i g , 35 P i c t o r i a l  d is p la y  of P e rc o l l  g ra d ie n t  s ta n d a r d i s a t io n .
P i c t o r i a l  d is p la y  o f P e rc o l l  g ra d ie n t  s ta n d a r d i s a t io n .  10;al of 
su sp e n sio n  c o n ta in in g  beads of d i f f e r e n t  d e n s ity  were loaded  onto each 
g r a d ie n t .  Prom l e f t  to  r i g h t :  20^ -  90^ P e rc o l l  in  10^ s t e p s .  Bead 
d e n s ity  v a r ie d  from 1 .019  to  1 .1 3 9 g /m l. G rad ien ts  were spun a t  40 ,000g 












F ig .36  M ito c h o n d ria l oxygen u p ta k e .
T races  o f p o la ro g ra p h ic  re c o rd in g s  from  a C la rk  ty p e  oxygen e le c tro d e  
o f oxygen u p ta k e  hy m ito c h o n d r ia , e x t r a c te d  from  m ature g re e n  S o n a tin e  
T race  1, m ito ch o n d ria  e x t r a c te d  u s in g  a B raun o r  W aring b le n d e r .
T race 2 , m ito ch o n d ria  e x t r a c te d  u s in g  a ch ee se  g r a t e r .  T race 3, 
m ito ch o n d ria  e x t r a c te d  u s in g  a cheese  g r a t e r  b u t  w ith o u t ESA in  th e  
e x t r a c t io n  b u f f e r .  F in a l  c o n c e n tr a t io n s  o f m a la te  and ADP were 17mM 
and O.^mM r e s p e c t iv e l y .  Oxygen c o n te n t o f th e  medium was 24C ^ o l e s / l  
and th e  f i n a l  volume o f th e  r e a c t io n  m ix tu re  was 2<,3ml.
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grate pericarp with cheese grater.
V




supernatant spin lOOOQxg^gy 30min.
Vassay, discard.
resuspend pelletl300mU. spin 900xg^gy 5min.
resuspend pellet, 
assay, discard, supernatant spin 10 000xg_ _ 30min.
assay- discard.
resuspend pellet for Percoll fractionation.
V
F i g ,37 P ro to c o l f o r  p re p a ra t io n  o f p e r ic a rp  t i s s u e  p r io r  to  sub- 
c e l l u l a r  f r a c t i o n a t i o n .
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s te p p e d  P e r c o l l  g r a d ie n t  and c e n tr i fu g e d  a t  12,000  x g^^^ f o r  30min. 
The g r a d ie n t  was o r i g i n a l l y  composed o f  13 .5 /21 /45 /^  d i s c o n t i n u i t i e s .  
T h is  gave a s t a r t i n g  p o in t from  w hich to  d e v ise  b e t t e r  g r a d ie n ts  and 
s p in  tim es  s in c e  i t  was p o s s ib le  to  se e  th e  b u f f - c o lo u re d  
m ito c h o n d r ia l  band  a t  th e  i n t e r f a c e  betw een  th e  2 l /4 5 ^  
d i s c o n t i n u i t i e s .  However, on f r a c t i o n a t i n g  th e  g r a d ie n t ,  i t  was 
obv ious t h a t  th e  m ito c h o n d ria  had n o t  a l l  reac h ed  th e  in t e r f a c e  s in c e  
s u c c in a te  dehydrogenase  a c t i v i t y  was d i s t r i b u t e d  th ro u g h o u t th e  
g r a d i e n t .  The d i s c o n t i n u i t i e s  were e v e n tu a l ly  in c re a s e d  to  
1 3 *5/ 28/ 55^  P e r c o l l  and th e  s p in  tim e in c re a s e d  to  60m in. These 
a l t e r a t i o n s  y ie ld e d  g r a d ie n ts  t h a t  gave r e p ro d u c ib le  r e s u l t s  ( F ig .38 ). 
F r a c t io n a t io n  o f  th e s e  g r a d ie n ts  showed t h a t  th e  m icrobody f r a c t i o n  
had p e n e t r a te d  and banded in  th e  55^ d i s c o n t in u i t y ,  w h ile  th e  
m ito c h o n d ria  s t i l l  banded a t  th e  i n t e r f a c e  betw een th e  2 8 /5 5 ^  s t e p s . 
T here was a c l e a r  gap  b e fo re  th e  l i p i d  and c h lo ro p h y ll /b ro k e n  
c h lo ro p la s t  f r a c t i o n  co u ld  b e  s e e n . S p e c tro p h o to m e tr ic  a n a ly s i s  o f 
th e  f r a c t i o n s  ( F ig s .39 and 4 0 ) showed th e  c l e a r  s e p a r a t io n  o f 
g ly c o l l a t e  o x id a se  from  s u c c in a te  d eh y d ro g en ase , and re v e a le d  th e  
m ito c h o n d r ia l  l o c a l i s a t i o n  o f  HAD-linked i s o c i t r a t e  d ehyd rogenase , 
HAD-linked m a lic  enzyme and c i t r a t e  s y n th a s e .
C h lo ro p la s t  F r a c t io n a t io n
The p ro to c o l f o r  th e  d i f f e r e n t i a l  c e n t r i f u g a t io n  was a l t e r e d  s l i g h t l y  
f o r  c h lo ro p la s t  f r a c t i o n a t i o n .  A f te r  g r a t i n g ,  th e  hom ogenate was 
spun r a p id ly  up to  8 ,0 0 0  x g th e n  b ro u g h t to  r e s t  a s  q u ic k ly  as  
p o s s ib le .  The c h lo r o p la s ts  w ere g e n t ly  removed from  th e  to p  o f  th e  
p e l l e t  u s in g  a camel h a i r  b ru sh  and lo a d ed  on to  a co n tin u o u s
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Broken c h lo ro p la s t  
and l i p i d  
m a te r ia l .
M itochondria
Microbody band 
and ag g reg a ted  
c e l l u l a r  m a te r ia l
P ig . 38 M ito ch o n d ria l p u r i f i c a t i o n  on a P e rc o l l  g ra d ie n t
F ra c t io n a t io n  of a crude e n ric h e d  m ito ch o n d ria l/m ic ro b o d y  f r a c t io n  
from m ature g reen  S o n a tin e  on a d isc o n tin u o u s  P e rc o ll  g ra d ie n t  o f  


























F ig .3 9 L o c a l is a t io n  o f  enzyme a c t i v i t y  ( s u c c in a te  d ehydrogenase , 
g ly c o l l a t e  o x id a se , c i t r a t e  sy n th a se  and m a la te  dehydrogenase) 
u s in g  a d isc o n tin u o u s  P e r c o l l  g r a d ie n t .
F r a c t io n a t io n  on a d is c o n tin u o u s  g r a d ie n t  (13*5 /28 /55^  P e r c o l l )  o f an en­
r ic h e d  m ito c h o n d ria l/m ic ro b o d y  p e l l e t ,  e x t r a c te d  from  m atu re  g reen  S o n a tin e .
EnzjfTues a r e :  (O O), s u c c in a te  dehydrogenase; ( • ----- • ) ,  g ly c o l la t e
o x id a se ; (D — O ) , c i t r a t e  sy n th a se  and ( B — B ) ,  m a la te  d eh y d rogenase . 
R ecoveries  w ere : MDH 84^ ,  c i t r a t e  sy n th a se  110^, g ly c o l l a t e  o x id ase  75^ 
and s u c c in a te  dehydrogenase 109^. S ca le  f o r  g ly c o l l a t e  o x id ase  i s  n o t 






F ig ,40 L o c a l is a t io n  o f enzyme a c t i v i t y  (NAL-linked m a lic  enzyme, c i t r a t e  
sy n th a se  and FA D -linked i s o c i t r a t e  dehydrogenase) u s in g  a 
d is c o n tin u o u s  P e r c o l l  g r a d i e n t .
F r a c t io n a t io n  on a d is c o n tin u o u s  (13*5 /2 8 /5 5 ^  P e r c o l l )  g r a d ie n t  o f an  en­
r ic h e d  m ito c h o n d r ia l p e l l e t  from m ature g reen  S o n a tin e . The m arker
enzymes a r e :  ( o  o ) ,  NAD-linked m a lic  enzyme; (# -----• ) ,  c i t r a t e  sy n th a se
and (D — D ) ,  NAD-linked i s o c i t r a t e  d eh yd rogenase . R eco v e rie s  w ere: 
c i t r a t e  sy n th a se  8 6 ^ , NAD-linked m a lic  enzyme 92^ and NAD-linked
i s o c i t r a t e  dehydrogenase
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15 -  90^ P e r c o l l  g r a d ie n t .  A c o n t ro l  g r a d ie n t  c o n ta in in g  th e  
i n t e r n a l  d e n s i ty  m arker beads was ru n  to  d e te rm in e  th e  buoyant 
d e n s i ty  o f  i n t a c t  c h l o r o p l a s t s . The g ra d ie n t  was spun a t  
12 ,000  X g^^^ f o r  40niin . The r e s u l t  ( F ig .41 ) shows 2 d i s t i n c t  
b ands a t  b u o y an t d e n s i t i e s  o f 1 .040g/m l and 1 .0 9 5 g /n il. A f te r  
f r a c t i o n a t i o n ,  th e  c h lo ro p la s t  m arker enzyme NADP-linked 
g ly c e ra ld e h y d e  3 -p h o sp h a te  dehydrogenase was found on ly  in  th e  band 
w ith  th e  h ig h e r  b u o y an t d e n s i ty .  As shown in  F ig .4 2 , c i t r a t e  
s y n th a s e  a c t i v i t y  was a b se n t from  th e  band c o n ta in in g  i n t a c t  
c h l o r o p l a s t s ,  a s  was NAD-linked i s o c i t r a t e  deh y d ro g en ase . A lthough  
n o t  shown, no a c t i v i t y  was d e te c te d  f o r  NAD- o r  NADP-linked m alic  
enzym e. In  a d d i t io n ,  no a c t i v i t y  f o r  any o f  th e  enzymes under s tu d y  
co u ld  b e  d e te c te d  in  th e  absence  o f 0 .0 3 ^  t r i t o n  in  th e  a s sa y  
m ix tu re .  T h is  was t r u e  f o r  a l l  b u t  th e  to p  4 -  5nil o f th e  g r a d ie n t ,  
s in c e  th e s e  f r a c t i o n s  c o n ta in e d  enzymes from  o rg a n e l le s  t h a t  had 
b u r s t  open .
E x am ination  o f  I s o l a t e d  M itochondria
M ito ch o n d ria  i s o l a t e d  in  P e r c o l l  g r a d ie n ts  from  th e  rem ain d er o f  th e  
c e l l u l a r  c o n s t i tu e n t s  r e ta in e d  t h e i r  i n t e g r i t y  a s  judged from 
la te n c y  ex p e rim en ts  f o r  p e r io d s  ex ceed in g  one week, and th e  a c t i v i t y  
o f  c i t r a t e  sy n th a s e  w ith in  th e  m ito ch o n d ria  f e l l  by l e s s  th a n  3^ 
d u r in g  th e  same p e r io d  (m ito ch o n d ria  from  m atu re  g reen  f r u i t ) . The 
in t a c tn e s s  o f  m ito c h o n d ria  i s o l a t e d  from P e r c o l l  g r a d ie n ts  i s  
i l l u s t r a t e d  in  F i g ,43» T h e ir  p u r i ty  can be judged  from th e  r e s u l t s  
o f a c o n tin u o u s  scan  betw een 704 -  308nm o f an  a c e to n e  e x t r a c t  from 
p u r i f i e d  m ito c h o n d ria  in  com parison w ith  a s im i la r  e x t r a c t  from  th e
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^— Broken c h l o r o p l a s t s . 
1 .040g/inl
I n ta c t  c h lo ro p la s ts  
1 . 095g/m l
C o llo id a l  s i l i c a  
p e l l e t .
F ig ,41 C h lo ro p la s t p u r i f i c a t i o n  on a P e rc o ll  g r a d ie n t .
F ra c t io n a t io n  o f a crude e n ric h e d  c h lo ro p la s t  p e l l e t  from m ature g reen  
S o n a tin e  on a I 5 -  90% c o n tin u o u s  P e rc o l l  g r a d ie n t .  The g ra d ie n t  was 
spun a t  12,000 x g f o r  40m in. 20mg of p ro te in  were loaded  in  1.8m l 




F i g , 42 L o c a l is a t io n  o f  enzynie a c t i v i t y  (UADP-linked g ly c e ra ld e h y d e
3 -p h o sp h a te  dehyd rogenase , c i t r a t e  s y n th a se  and NAD-linked 
i s o c i t r a t e  d eh y d ro g en a se ).
F r a c t io n a t io n  on a co n tin u o u s  I 5 -  90^ P e r c o l l  g r a d ie n t  o f an e n ric h e d  
c h lo ro p la s t  p e l l e t  e x t r a c te d  from m ature g re e n  S o n a tin e , The m arker
enzymes a r e :  (O O), NAPP-linked GAPDH; ( t ----- 1), c i t r a t e  sy n th a se  and
(D — D ) ,  NAD-linked i s o c i t r a t e  dehyd ro g en ase . R eco v e ries  w ere : c i t r a t e  
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Figo43 L atency  o f enzyme a c t i v i t y  in  P e r c o l l  p u r i f i e d  m ito c h o n d r ia .
S p ec tro p h o to m e tric  t r a c e  i l l u s t r a t i n g  th e  in t a c tn e s s  o f P e rc o l l  p u r i f ie d  
m ito ch o n d ria  by enzyme la te n c y .  The enzyme a ssay ed  was c i t r a t e  sy n th a se  
and th e  tim e in t e r v a l  betw een each d u p l ic a te  a s s a y  was O .^m in. The 
arrow  in d ic a te s  th e  tim e a t  which T r i to n  X-100 was added to  th e  a s s a y  a t  
a f i n a l  c o n c e n tra tio n  o f 0 .03 '^  (^ /v )  •
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c ru d e  n d to c h o n d jû a l p e l l e t  ( F ig ,4 4 ) .  P e r c o l l - p u r i f i e d  m ito ch o n d ria  
r e v e a le d  r e s p i r a t o r y  c o n t ro l  and ADP/o r a t i o s  co m ia rah le  w ith  th o se  
found in  th e  c ru d e  m ito c h o n d r ia l p e l l e t .
The im p o rtan ce  o f  i s o l a t i n g  m ito ch o n d ria  i s  i l l u s t r a t e d  by 
th e  s p u r io u s  a c t i v i t i e s  o f  NADP-dependent i s o c i t r a t e  dehydrogenase 
and NADP-dependent m a lic  enzyme found in  th e  crude m ito c h o n d r ia l  
p e l l e t .  A p p ro x im ate ly  5^ o f  th e  t o t a l  a c t i v i t y  o f  b o th  enzymes was 
re c o v e re d  in  th e  c ru d e  m ito c h o n d r ia l  p e l l e t .  However, when 
m ito c h o n d ria  w ere p u r i f i e d  on P e r c o l l  g r a d ie n ts ,  no a c t i v i t y  co u ld  
be  fo u n d .
M ala te  dehydrogenase  was th e  on ly  enzyme u n d er s tu d y  th a t  
was n o t e x c lu s iv e ly  m ito c h o n d r ia l ,  b u t was d i s t r i b u t e d  betw een th e  
c y to s o l  and th e  m ito c h o n d r ia . In  m ature g reen  f r u i t ,  th e  r a t i o  o f 
m ito c h o n d r ia l  to  c y to s o l ic  MDH was n o rm ally  14/T5> ex p re sse d  a s  
p e rc e n ta g e s  o f th e  t o t a l  a c t i v i t y  in  th e  hom ogenate, th e  rem a in in g  
11^ was a s s o c ia te d  w ith  th e  f i r s t  p e l l e t .  I s o c i t r a t e  ly a se  
a c t i v i t y  was n o t  d e te c te d  in  any f r a c t i o n ,  in c lu d in g  th e  m icrobody 
f r a c t i o n .
Changes in  S p e c i f ic  A c t iv i ty  o f C i t r i c  A cid C ycle Enzymes from 
P e r c o l l - P u r i f i e d  M ito ch o n d ria  a t  D if f e r e n t  S tag e s  o f  R ip en in g
Two hundred grams o f  m ature g reen  S o n a tin e  w ere e x t r a c te d  in  600ml 
o f m ito c h o n d r ia l e x t r a c t io n  b u f f e r  a s  d e s c r ib e d .  Each f r a c t i o n  o f 
th e  d i f f e r e n t i a l  c e n t r i f u g a t io n  was a ssay ed  f o r  c i t r a t e  s y n th a s e , 
MDH, NAD-dependent i s o c i t r a t e  dehydrogenase and NAD-dependent m a lic  
enzyme. Two ml o f  th e  c iu d e  m ito c h o n d r ia l p e l l e t  were g e n t ly  







F ig ,44 C h lo ro p h y ll and c a ro te n o id  co n ta m in a tio n  o f crude and P e r c o l l
p u r i f i e d  m ito c h o n d r ia .
C ontinuous s p e c tro p h o to m e tr ic  scan  betw een 704 and 308nm o f ace to n e  
e x t r a c t s  from (a ) c rude  m ito c h o n d r ia l  p e l l e t  and (b ) P e r c o l l  p u r i f ie d  
m ito c h o n d r ia . Four mg o f p r o te in  were e x t r a c te d  in  b o th  c a se s  and th e  
scan  i l l u s t r a t e s  th e  c l e a n l in e s s  o f P e r c o l l  p u r i f i e d  m ito ch o n d ria  w ith  
re s p e c t  to  c h lo ro p h y ll  and c a ro te n o id  c o n ta m in a tio n . The scan  speed was 
I20nm/min and th e  s c a le  f o r  b o th  scan s  was 0 -2 .0  a b s o rp tio n  u n i t s .
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1 3 . 5/ 28/ 55^  P e rc o l l  g r a d ie n t .  The g ra d ie n t  v/as spun a s  d e sc r ib e d  
and f r a c t io n a t e d  in to  t h i r t y  fo u r  1-ml f r a c t i o n s .  The f r a c t io n s  
were a ssay ed  f o r  th e  above enzym es. T able 4  d e s c r ib e s  th e  b a la n c e  
s h e e t  f o r  th e  d i f f e r e n t i a l  c e n t r i f u g a t io n  and P ig .45  i l l u s t r a t e s  
th e  g r a d ie n t  p r o f i l e .
A s im i la r  e x t r a c t io n  was perform ed on 200g o f  re d  f r u i t .  
When th e  tu b e  was removed from  th e  c e n t r i f u g e  i t  became obvious 
t h a t  th e r e  had been  v e ry  l i t t l e  s e p a ra t io n  w ith in  th e  g r a d ie n t ,  a s  
no m ito ch o n d ria  cou ld  be  d e te c te d  a t  th e  in t e r f a c e  betw een th e  two 
d i s c o n t i n u i t i e s . The re su sp en d ed  crude  m ito c h o n d r ia l  p e l l e t  
c o n ta in e d  p e c t in a c io u s  m a te r ia l  t h a t  bound c e l l u l a r  o rg a n e l le s  in  
a c o l lo id a l  m a tr ix  and had m ig ra te d  p a r t i a l l y  i n to  th e  g r a d ie n t  a s  
a w ho le . S p in n in g  a t  a much h ig h e r  c e n t r i f u g a l  fo r c e  in c re a s e d  
s e p a r a t io n  b u t  s t i l l  l e f t  s e v e r a l  peaks o f  c i t r a t e  s y n th a se  a c t i v i t y  
th ro u g h o u t th e  g r a d ie n t .  A ttem p ts  were made to  remove p e c t in  by 
a l t e r i n g  th e  speed  o f th e  i n i t i a l  s p in  to  8 ,0 0 0  x g ^ ^  b u t  th e  
g ra d ie n t  p r o f i l e  was s t i l l  poor ( F ig ,4 6 , T ab le  5 ) « Commercial 
p e c t in a s e  cou ld  n o t be used  to  d ig e s t  th e  p e c t in  as  th e  pH a t  w hich 
th e  enzyme fu n c tio n s  (ap p ro x , 4*0) would u n doub ted ly  have 
d e le te r io u s  e f f e c t s  on many o r g a n e l le s .  O ther methods employed 
in c lu d e d  th e  rem oval o f  p e c t in  by some form  o f  ion -ex ch an g e  r e s i n ,  
t h i s  was r e j e c te d ;  how ever, b ecau se  o f  th e  problem  o f m a in ta in in g  
o rg a n e l le  i n t e g r i t y  w h ile  rem oving th e  p e c t in .
I t  was d ec id ed  t h a t  th e  p e c t in  problem  cou ld  be  overcome 
in  two w ays, 1 . M itochondria  cou ld  be e x t r a c te d  from th e  m ature 
g reen  f r u i t  up to  th e  B reak e r s t a g e .  S in ce  i t  i s  known th a t  changes 
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F ig .45 S u b - c e l lu la r  f r a c t i o n a t io n  o f m ature g reen  S o n a tin e .
F r a c t io n a t io n  on a d is c o n tin u o u s  P e r c o l l  g r a d ie n t  (1 3 .5 /2 8 /5 5 ^ )  o f an en­
r ic h e d  m ito ch o n d ria l/ra ic ro h o d y  p e l l e t  e x t r a c te d  from m atu re  g reen  S o n a tin e
Enzymes a r e :  (O O), c i t r a t e  s y n th a s e ; (# ------ • ) ,  m a la te  dehydrogenase
and ( I — B ) ,  NAD-linked m a lic  enzyme. R eco v e rie s  w ere: c i t r a t e  sy n th a se  



















F ig ,46 S u b - c e l lu la r  f r a c t io n a t io n  o f r ip e  S o n a tin e .
F r a c t io n a t io n  on a d is c o n tin u o u s  P e r c o l l  g r a d ie n t  (1 3 . 5/ 28/ 55^ )  o f an 
e n ric h e d  m ito c h o n d ria l/m ic ro b o d y  p e l l e t  e x t r a c te d  from r ip e  S o n a tin e .
M arker enzymes a r e :  (O----- O), c i t r a t e  s y n th a s e , (t -------• ) ,  m a la te
dehydrogenase and (H — I ) ,  NAD-linked m a lic  enzym e. R ec o v e rie s  were; 
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( i . e .  b e fo re  th e  ap p ea ran ce  o f p e c t in ) ,  t h i s  should, p ro v id e  enough 
d a ta  on th e  changes in  s p e c i f i c  a c t i v i t y  o f th e  m ito c h o n d r ia l 
enzymes d u r in g  r ip e n in g .  2 .  U sing  th e  m od ified  gas atm osphere  
s to r a g e  system  would a llo w  a more c o n t ro l le d  experim en t over a 
lo n g e r  tim e p e r io d ,  w h ile  a t  th e  same tim e rem oving th e  p e c t in  
problem  c o m p le te ly . T h is experim en t had th e  added ad v an tag e  o f 
h e lp in g  to  d e te rm in e  w h e th e r, a f t e r  th e  i n i t i a l  f a l l  in  s p e c i f i c  
a c t i v i t y ,  th e  r e s id u a l  a c t i v i t y  rem ained  c o n s ta n t when th e  enzymes 
were e x t r a c te d  from  m ito c h o n d r ia .
A n a ly s is  o f Enzyme S p e c i f ic  A c t iv i ty  from  P u r i f ie d  M itoch o n d ria  
E x tra c te d  from  R ip en in g  Tomato F r u i t  c v . S a rin a .-.
A t th e  tim e o f  s t a r t i n g  th e  f i r s t  ex p erim en t, i t  was d isc o v e re d  t h a t  
th e  n u rs e ry  s u p p ly in g  S o n a tin e  had sw itch ed  p ro d u c tio n  to  a new 
c u l t i v a r .  M ara thon . S o n a tin e  were no lo n g e r  grown in  t h i s  c o u n try  
and th e  n e a r e s t  e q u iv a le n t  was a c u l t i v a r  named S a rin a : t h a t  was 
grown by a s in g le  n u rs e ry  a t  Wimboume. I t  was d ec id ed  to  u se  t h i s  
c u l t i v a r  f o r  th e  f i r s t  experim en t and M arathon f o r  th e  second 
ex p e rim e n t. T h is  would in d ic a te  w hether th e  phenomenon was g e n e ra l  
o r  c u l t i v a r  s p e c i f i c .
F r u i t  w ere p u rchased  a t  th e  m ature g reen  s ta g e  and a llo w ed  
to  s ta n d  a t  am bien t te m p e ra tu re  to  r ip e n .  Three s e p a ra te  e x t r a c t io n s  
were perform ed and by th e  l a s t  e x t r a c t io n  th e  f r u i t  had j u s t  reac h ed  
th e  B reak e r s t a g e .  I t  m ust b e  s t r e s s e d ,  how ever, t h a t  th e s e  f r u i t  
d id  n o t r ip e n  sy n c h ro n o u s ly , which meant t h a t  th e  experim en t l a s t e d  
2 w eeks, r a t h e r  th a n  th e  exp ec ted  7 o r 8 d ay s . T ab les  6 - 9  show 
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p e rc e n ta g e  re c o v e ry  f o r  each enzyme. T ab les  10 and 11 i l l u s t r a t e  
th e  d i s t r i b u t i o n  o f c y to c o l ic  and m ito c h o n d r ia l  MDH d u rin g  th e  
e x p e rim e n t. F ig s . 47 -  50 i l l u s t r a t e  th e  g r a d ie n t  p r o f i l e s  f o r  
each  o f th e  3 d a y s . I t  i s  a p p a re n t from  th e  d a ta  t h a t ,  w ith  th e  
e x c e p tio n  o f  NAD-linked i s o c i t r a t e  d eh y d rogenase , a l l  th e  enzymes 
f e l l  to  ap p ro x im a te ly  35^ o f  t h e i r  i n i t i a l  v a lu e s .  In  a d d i t io n ,  
th e  r a t i o  o f m ito c h o n d r ia l  to  c y to s o l ic  MDH rem ained r e l a t i v e l y  
c o n s ta n t  th ro u g h o u t an d , a l th o u g h  n o t shown, th e  amount o f  p r o te in  
re c o v e re d  in  th e  m ito c h o n d r ia l  peak was betw een a q u a r te r  and a 
h a l f  o f  t h a t  lo ad ed  on to  th e  g r a d ie n t .
The S p e c i f ic  A c t iv i ty  o f  C i t r i c  A cid C ycle Enzymes from  th e  
M ito ch o n d ria  o f Tomato F r u i t  c v . M arathon S to re d  in  a M odified  
Gas Atm osphere
The p ro to c o l f o r  t h i s  experim en t was i d e n t i c a l  to  th e  i n i t i a l  
s to ra g e  experim en t w ith  th e  e x c e p tio n  t h a t  m ito ch o n d ria  were 
e x t r a c te d  r a th e r  th a n  p re s e n t  in  a c rude  hom ogenate. The experim en t 
was concluded  a f t e r  4 weeks and i t  was a p p a re n t t h a t  th e  phenomenon 
seen  in  S o n a tin e  and S a r in a ,  a l s o  o ccu rred  in  M arathon . The 
s p e c i f i c  a c t i v i t i e s  o f  c i t r a t e  sy n th a se  and MDH f e l l  by 45^ d u rin g  
th e  f i r s t  week and th e n  by a f u r t h e r  5^ d u rin g  th e  fo llo w in g  2 weeks 
The g r a d ie n t  p r o f i l e s  a r e  i l l u s t r a t e d  in  F ig s .  51 and 5 2 . Enzyme 
re c o v e r ie s  from  th e  d i f f e r e n t i a l  c e n t r i f u g a t io n  a re  shown in  
T ab les 12 -  14 and th e  d i s t r i b u t i o n  o f MDH in  T ab les I 5 and 16 o
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The Change in  A c t iv i ty  o f  C y to s o l ic .a n d  
M ito c h o n d ria l M alate  D ehydrogenase E x tra c te d  
from  R ip en in g  Tomato F r u i t  cv» S a r in a  betw een 
th e  M ature G reen and Orange S ta g e s .
F ig u re s  a re  ex p re ssed  a s  p e rc e n ta g e s  o f  th e  Day 1 a c t i v i t i e s  f o r  
b o th  f r a c t i o n s .
Day 1 i s  e q u iv a le n t  to  m ature g re e n  f r u i t .
Day 2 i s  e q u iv a le n t  to  b re a k e r  f r u i t .
Day 3 i s  e q u iv a le n t  to  o ra n g e /g re e n  f r u i t .
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F ig .47 Changes in  s p e c i f i c  a c t i v i t y  o f c i t r a t e  sy n th a se  e x t ra c te d  from 
th e  p u r i f i e d  m ito ch o n d ria  o f r ip e n in g  tom ato  f r u i t  c v . S a r in a .
S p e c i f ic  a c t i v i t y  o f c i t r a t e  sy n th a se  from a d is c o n tin u o u s  P e r c o l l  g ra d ie n t  
( 1 3 . 5/ 28/ 55^ ) loaded  w ith  an e n r ic h e d  cru d e  m ito ch o n d ria l/m ic ro h o d y
f r a c t io n  from : (o  O), m ature g re e n ; (# ------ • ) ,  b re a k e r  and (D — D ) ,
o ra n g e /g re e n , S a r in a  tom ato f r u i t .  R eco v e rie s  w ere: m atu re  g reen  108^. 
b re a k e r  101^ and o ra n g e /g re e n  86^ . P ro te in  loaded  on each  g r a d ie n t  in  3ml 
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F ig . 48 Changes in  s p e c i f i c  a c t i v i t y  o f m a la te  dehydrogenase  e x t r a c te d  
from  th e  p u r i f i e d  m ito c h o n d ria  o f r ip e n in g  tom ato  f r u i t  c v .S a r in a ,
S p e c i f ic  a c t i v i t y  o f  m a la te  dehydrogenase  from  a d is c o n tin u o u s  P e rc o l l  
g r a d ie n t  (13 * 5 /2 8 /5 5 ^)?  loaded  w ith  an e n r ic h e d  m ito c h o n d ria l/m ic ro h o d y
f r a c t io n  from : (O O), m ature g re e n ; ( • ------f),  b re a k e r  and (D — D ) ,
o ra n g e /g re e n , S a r in a  tom ato  f r u i t .  R eco v e rie s  w ere as  fo l lo w s :  m ature 
g reen  88^ , b re a k e r  85 /^  and o ra n g e /g re e n  103^. P r o te in  lo ad ed  on each
g ra d ie n t  in  3m1 was a s  fo l lo w s :  m ature g reen  1 5 .4mg, b re a k e r  12»lmg and 













F ig ,4 9 Changes in  s p e c i f i c  a c t i v i t y  o f NAD-linked i s o c i t r a t e  
dehydrogenase e x t r a c te d  from  th e  p u r i f i e d  m ito c h o n d ria  o f 
r ip e n in g  tom ato f r u i t  c v . S a r in a .
S p e c i f ic  a c t i v i t y  o f NAD-linked i s o c i t r a t e  dehydrogenase from a d i s ­
co n tin u o u s  P e rc o l l  g r a d ie n t  ( l 3 •5 /2 8 /5 5 ^ ) j loaded  w ith  a c rude  e n ric h e d
m ito ch o n d ria l/m ic ro h o d y  f r a c t i o n  from : (O O), m ature g re e n ; (# ——# ) ,
b re a k e r  and ( □ — D ) ,  o ra n g e /g re e n  S a r in a  tom ato  f r u i t .  R eco v e rie s  were 
a s  fo llo w s : m ature g reen  J0 8 ^ , b re a k e r  88^ and o ra n g e /g re e n  74^° P ro te in  
load ed  on each  g ra d ie n t  was as fo l lo w s : m ature g reen  I5 .4m g, b re a k e r  

























F ig .50 Changes in  s p e c i f i c  a c t i v i t y  o f NAD-linked m a lic  enzyme 
e x t ra c te d  from th e  p u r i f i e d  m ito ch o n d ria  o f  r ip e n in g  tom ato 
f r u i t  c v . S a r in a .
S p e c i f ic  a c t i v i t y  o f NAD-linked m a lic  enzyme from  a d is c o n tin u o u s  P e rc o l l  
g ra d ie n t  (13 . 5/ 28/ 55^ ) ;  loaded  w ith  a c rude  e n r ic h e d  m i to c h o n d r ia l /
m icrohody f r a c t io n  from : (O O ), m ature g re e n ; (# ------§ ) ,  b re a k e r  and
(D — tH )j o ra n g e /g re e n , S a r in a  tom ato  f r u i t .  R eco v e rie s  were as  fo llo w s : 
m ature g reen  120^. b re a k e r  125^ and o ra n g e /g re e n  101^. P ro te in  load ed  on 
each g ra d ie n t  was as fo l lo w s : m ature g reen  1 5 «4tng> b re a k e r  12.1mg and 
o ran g e /g reen  6.78mg.
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F ig , 51 Changes in  s p e c i f i c  a c t i v i t y  o f  c i t r a t e  sy n th a se  e x t r a c te d  from
th e  p u r i f i e d  m ito ch o n d ria  o f  s to r e d  tom ato  f r u i t  c v . M arathon.
S p e c i f ic  a c t i v i t y  of c i t r a t e  sy n th a se  from  a d isc o n tin u o u s  P e rc o l l  g r a d ie n t  
1 3 . 5/ 28/ 55^ )  loaded  w ith  a c rude  m ito c h o n d ria V ^ ic ro h o d y  f r a c t i o n  from :
0 ------ 0 ) ,  m ature g reen  M arathon tom ato f r u i t ;  (D O ) , M arathon s to r e d
f o r  one week in  an atm osphere o f 6^ CQ^, 6^ 0^ and 88^ (# ------1)
M arathon s to r e d  f o r  th r e e  weeks in  an a tm osphere  o f 6^ c6^
88'^ Ngo R eco v eries  w ere: m ature g reen  95^? one week in  s^ o re  























P ig . 52 Changes in  s p e c i f i c  a c t i v i t y  o f  m a la te  dehydrogenase e x t r a c te d
from  th e  p u r i f i e d  m ito ch o n d ria  o f s to r e d  tom ato  f r u i t  
c v . M arathon.
S p e c i f ic  a c t i v i t y  o f  m a la te  dehydrogenase from a d isc o n tin u o u s  P e rc o l l  
g r a d ie n t  (1 3 -5 /2 8 /5 5 ^ ) loaded  w ith  a c rude  m ito ch o n d ria l/m ic ro h o d y
f r a c t i o n  from : (O O), m ature g reen  Alarathon  tom ato  f r u i t ;  (# ------ • ) ,
M arathon s to r e d  f o r  one week in  an atm osphere o f 6^ CO^, 6^ 0^ and 88^ 
and (B — B ) , M arathon s to r e d  f o r  th r e e  weeks in  an a tm osphere  of 
6^ COg, 6^ Og and 88^ R eco v e ries  w ere: m ature g reen  92^y one week
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P r e - s to r e
( c o n tro l ) 100 100
Week 1 78 60
Week 3 72 60
The Change in  A c t iv i ty  o f  C y to s o lic  - 
and M ito c h o n d ria l M alate  D ehydrogenase E x tra c te d  
from  R ip en in g  Tomato F r u i t  c v . M arathon s to r e d  
in  6^ CO^ . 6^ 0^ and 88^
The f ig u r e s  a re  ex p re sse d  a s  p e rc e n ta g e s  o f th e  c o n t ro l  a c t i v i t y  
f o r  "both f r a c t i o n s .
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I n v e s t ig a t io n  o f Changes in  th e  S p e c i f ic  A c t iv i ty  o f C i t r i c  A cid 
Cycle Enzymes from th e  M ito ch o n d ria  o f  Im m ature Tomato F r u i t
In  an a tte m p t to  d e term ine  w hether th e  c h a r a c t e r i s t i c  changes in  
s p e c i f i c  a c t i v i t i e s  o f th e  enzymes u n d er s tu d y  were a fu n c tio n  o f 
r ip e n in g  o r th e  r e s u l t  o f  rem oving th e  f r u i t  from  th e  v in e ,  th e  
m ito ch o n d ria  from  immature M arathon were p u r i f i e d  and th e  
r e s p e c t iv e  enzymes a s s a y e d .
Immature M arathon ( le s s  th a n  25mm in  d ia m e te r)  were 
pu rchased  from a lo c a l  n u rs e ry  and s to r e d  in  am h ien t c o n d i t io n s .  
I d e n t i c a l  w e ig h ts  ( l6 5 g ) were sam pled a t  w eekly i n t e r v a l s  f o r  4 
w eeks. At th e  end o f t h i s  p e r io d  th e  im m ature f r u i t  e x h ib i te d  a 
com plete  la c k  o f r ip e n in g  c h a r a c t e r i s t i c s ;  th e  p e r ic a r p  was s t i l l  
f irm  and th e re  was no s ig n  o f c o lo u r  ch an g e . Enzyme r e c o v e r ie s  
from  th e  d i f f e r e n t i a l  c e n t r i f u g a t io n  a r e  shown in  T ab les 17 -  19 
and th e  d i s t r i b u t i o n  o f  MDH in  T ab les  20 and 21 o
An eq u a l volume ( 3ml) o f resu sp en d ed  crude  m ito c h o n d r ia l 
p e l l e t  was loaded  on to  th e  P e r c o l l  g r a d ie n t  d u r in g  each 
f r a c t i o n a t io n .  C i t r a t e  sy n th a se  showed a f a l l  in  a c t i v i t y  d u r in g  
th e  f i r s t  week o f 45^  and th e n  a su b seq u en t f a l l  o f 10^  d u rin g  th e  
fo llo w in g  2 weeks (P ig .5 3 )»  However, when th e  p r o te in  f ig u r e s  were 
c a lc u la te d ,  th e  d a ta  in d ic a te d  v i r t u a l l y  no d i f f e r e n c e  in  s p e c i f i c  
a c t i v i t y  ( F ig .54)* The experim en t was r e p e a te d ,  w ith  th e  e x c e p tio n  
t h a t  in s te a d  o f lo a d in g  a c o n s ta n t  volume o f th e  re su sp en d ed  crude 
m ito c h o n d r ia l p e l l e t  on to  th e  P e r c o l l  g r a d ie n t ,  a c o n s ta n t  a c t i v i t y  
was a p p lie d  (40 u n i t s ) .  C i t r a t e  sy n th a s e  showed a 30^ f a l l  in  
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The Change in  A c t iv i ty  o f  C y to s o lic  and 
M ito c h o n d ria l M alate  D ehydrogenase E x tra c te d  
from  Immature Tomato F r u i t  c v . M arathon 
h e ld  in  Ambient C o n d it io n s .
The f ig u r e s  a r e  ex p re ssed  a s  p e rc e n ta g e s  o f  th e  c o n t ro l  a c t i v i t y  
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F ig*53 Changes in  a c t i v i t y  o f  c i t r a t e  sy n th a se  e x t r a c te d  from  th e
p u r i f i e d  m ito c h o n d ria  o f im m ature tom ato  f r u i t  c v . M arathon .
A c t iv i ty  o f c i t r a t e  s y n th a se  from  a d is c o n tin u o u s  P e r c o l l  g ra d ie n t
( 1 3 •5/ 28/ 55^ ) load ed  w ith  3ml o f  a crude e n r ic h e d  m ito ch o n d ria l/m ic ro h o d y
f r a c t i o n  from : (O O ), im m ature M arathon tom ato  f r u i t  ; (# ----- f),  immature
M arathon s to r e d  f o r  one week in  am hient c o n d it io n s  and ( I — H ) ,  immature 
M arathon s to r e d  f o r  th r e e  weeks in  am hient c o n d i t io n s .  R eco v e rie s  w ere: 
im m ature 104^ ,  one week in  am hient c o n d i t io n s  99^ and th r e e  weeks in  
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F ig .5 4 Changes in  s p e c i f i c  a c t i v i t y  o f  c i t r a t e  s y n th a s e  e x t r a c te d  from 
th e  p u r i f i e d  m ito ch o n d ria  o f im m ature tom ato f r u i t  c v . M arathon.
S p e c i f ic  a c t i v i t y  o f  c i t r a t e  sy n th a se  from a d is c o n tin u o u s  P e rc o l l  g ra d ie n t  
( 1 3 .5/ 28/ 55/^) lo ad ed  w ith  3ml o f a crude  e n r ic h e d  m ito ch o n d ria l/m ic rd b o d y
f r a c t io n  from : (O O), im m ature M arathon tom ato  f r u i t ;  (D L l) ,
immature M arathon s to r e d  f o r  one week in  am bien t c o n d it io n s  and (# ------ t),
immature M arathon s to r e d  f o r  th r e e  weeks in  am bien t c o n d i t io n s .  P ro te in  
m easurem ents were ta k e n  f o r  th e  peak a c t i v i t y  f r a c t i o n s  o n ly .
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th e  f i r s t  f r a c t i o n a t io n ,  40 u n i t s  w ere c o n ta in e d  in  a volume o f 
2 . 4ml and th e  t o t a l  p ro te in  was 17.?m g. A t th e  end o f  th e  second 
week, a volume re q u ire d  to  lo a d  th e  same amount o f p r o te in  had r i s e n  
to  3 .4m l. An id e n t i c a l  amount o f f r u i t  had been  e x t r a c te d  in  each 
c a se  and th e  m ito c h o n d r ia l p e l l e t  was re su sp en d ed  in  th e  same 
volume (5 .8m l) .
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DISCUSSION
The c i t r i c  a c id  c y c le  was f i r s t  p o s tu la te d  in  1937 by K rebs and 
Joh n so n . The a s s o c ia t io n  betw een th e  m ito ch o n d rio n  and th e  c i t r i c  
a c id  c y c le  was confirm ed  tw elve  y e a rs  l a t e r  (Kennedy and 
L eh n in g er, 1949) and a f u r t h e r  two y e a rs  e la p se d  b e fo re  th e  same 
a s s o c ia t io n  was e s ta b l i s h e d  in  p la n t  t i s s u e  (M illa rd  e t  a l . ,  I 95I ) .  
S ince  1951 th e  c r u c i a l  im portance  o f  th e  c y c le  has been  v e r i f i e d ,  
and th e  fu n c tio n s  o f  th e  c y c le  a re  now known to  ex ten d  from  energy  
c o n se rv a tio n  to  th e  c o n t ro l  o f b o th  a n a b o lic  and a n a p ie r o t i c  
p ro cesse s*  Animal and m ic ro b ia l  so u rc e s  have been  u t i l i s e d  in  th e  
v a s t  m a jo r ity  o f  su b se q u en t r e s e a r c h  in t o  th e  c o n t r o l  o f th e  c y c le .  
A lthough  in v e s t ig a t io n s  o f  th e  c y c le  and i t s  r e g u la t io n  have been  
u n d e rta k e n  in  p la n ts  (W isk ich , I 980) ,  i t  i s  s t r i k i n g  th a t  
r e l a t i v e l y  l i t t l e  i s  kno->m abou t th o se  p la n t s ,  o r  f r u i t s ,  t h a t  
accum ula te  and r a p id ly  m e ta b o lise  h ig h  c o n c e n tra t io n s  o f c y c le  
in te r m e d ia te s ,
The c o n t ro l  o f in d iv id u a l  enzymes w ith in  th e  c y c le  ap p ea rs  
to  d i f f e r  betw een p la n t  and an im al s o u rc e s .  Thus NAD-dependent 
i s o c i t r a t e  dehydrogenase from  p la n ts  i s  s t r o n g ly  in h ib i te d  by th e  
mole f r a c t io n  o f NADH as a mole f r a c t i o n  o f NADH + NAD  ^ and 
u n lik e  th e  enzyme from  an im al s o u rc e s , i s  u n a f fe c te d  by ad en in e  
n u c le o t id e s .  However, i t  i s  in  th e  c o n t ro l  o f m a la te  o x id a tio n  
th a t  th e  main d if f e r e n c e  occu rs  betw een th e  c i t r i c  a c id  c y c le  o f 
p la n ts  and a n im a ls . P la n t  m ito ch o n d ria  p o sse ss  an  NAD-dependent 
m a lic  enzyme (M acrae, 1971) w hich en ab le s  them to  o x id is e  m a la te  to  
p y ru v a te  and , th e r e f o r e ,  t h e o r e t i c a l l y  to  o x id is e  co m p le te ly  any
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c y c le  in te rm e d ia te  w ith o u t th e  need to  r e p le n is h  exogenous 
acety l-C oA  (P alm er, 1979? Palm er and M o lle r , 19 8 2 ). I t  i s  c la im ed  
(Palm er and M o lle r , 1982) t h a t  an im al m ito c h o n d ria  do no t o x id is e  
m a la te  due to  th e  u n fa v o u ra b le  e q u i l ib r iu m  c o n s ta n t  o f m a la te  
dehydrogenase^ th e re b y  im p ly in g  th a t  an im al
m ito ch o n d ria  do n o t c o n ta in  an  NAD-dependent m a lic  enzyme. However, 
S au er e t  a t . ( l9 7 9 )  e s ta b l i s h e d  th e  p re sen ce  o f m a lic  enzyme th a t  
on ly  fu n c tio n e d  w ith  NAD"^  a s  c o - f a c to r  in  m ito ch o n d ria  i s o l a t e d  from 
human i n t e s t i n a l  m ucosa, and showed i t  to  be r e s p o n s ib le  f o r  th e  
o x id a tiv e  d e c a rb o x y la tio n  o f  g lu tam in e  d e r iv e d  m a la te .  In  p la n ts  
and p la n t  o rgans t h a t  accum ula te  la rg e  c o n c e n tra t io n s  o f m a la te  and 
c i t r a t e ,  i t  would be o f p h y s io lo g ic a l  ad v an tag e  to  be a b le  to  
o x id is e  c y c le  in te rm e d ia te s  su ch  a s  m a la te , w ith o u t th e  need  to  
r e p le n is h  ace ty l-C o A ,
A nother a re a  o f d i f f e r e n c e  betw een  an im al and p la n t  
m ito ch o n d ria  i s  in  c o n t ro l  o f th e  redox  s t a t e ,  o r  NADH/^ TAD"^  r a t i o .  
Animal m ito c h o n d ria  m a in ta in  th e  NADH/^ AD"*’ r a t i o  a p p ro x im a te ly  100 
tim es  g r e a t e r  th a n  t h a t  o f th e  cy top lasm  (W illiam son  e t  a l . ,  1 9 7 2 ). 
However, s in c e  an im al m ito c h o n d ria  canno t o x id is e  cy to p lasm ic  NADH, 
complex s h u t t l e  system s a re  in v o lv ed  in  t r a n s p o r t i n g  red u c in g  
e q u iv a le n ts  a c ro s s  th e  m ito c h o n d r ia l  membrane. T h is  in  c o n t r a s t  to  
th e  ease  in  w hich e x te r n a l  NADH i s  o x id ise d  in  many p la n t  
m ito ch o n d ria  (Palm er and M o lle r , 1 9 8 2 ). In  a d d i t io n ,  th e re  i s  now 
ev idence  which s u g g e s ts  th a t  NAD'*’ i s  ta k e n  up by p la n t  m ito ch o n d ria  
(Tobin 1980) .  Taken to g e th e r ,  t h i s  ev id en ce  s u g g e s ts  th a t
th e  NADH/NAD  ^ r a t i o  p la y s  a much l e s s  im p o rta n t r o le  in  th e  c o n t ro l  
o f th e  c i t r i c  a c id  c y c le  in  p la n ts  th an  in  a n im a ls .  I t  can be 
p o s tu la te d  t h a t  th e se  a p p a re n t d i s t i n c t i o n s  in  c o n t ro l  o f th e
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c i t r i c  a c id  c y c le  betw een p la n ts  and a n im a ls  r e l a t e  to  th e  
p h y s io lo g ic a l  d i f f e r e n c e s  betw een them and  t h e i r  r e s p e c t iv e  
re sp o n se s  to  ra p id  changes in  t h e i r  im m ediate en v iro n m en t. 
U n fo r tu n a te ly ,  th e re  a r e  very  few d a ta  r e l a t i n g  enzyme a c t i v i t i e s  
to  maximum c y c le  a c t i v i t y  (m easured by oxygen u p ta k e )  from  p la n t  
so u rc e s  a s  d i s t i n c t  from th e  many s tu d ie s  conducted  on an im al t i s s u e  
w here, f o r  exam ple, i t  i s  known th a t  th e  i n i t i a t i o n  o f  f l i g h t  in  
many in s e c t s  r e s u l t s  in  a m assive in c re a s e  in  oxygen u p tak e  and 
tu rn o v e r  r a t e  o f  th e  c y c le  (Newsholme and S t a r t ,  197?)• R ir th e r  
exam ples a re  th e  sudden and s u s ta in e d  energy  re q u ire m e n ts  o f  th e  
la rg e  c a rn iv o re s ,  where th e  e f f i c i e n t  and r ig o ro u s  c o n t ro l  o f th e  
c y c le  i s  o f param ount im p o rta n c e . T h is  s i t u a t i o n  c o n t r a s t s  w ith  
t h a t  o f th e  la rg e ly  ' s t a t i c '  p l a n t ,  in  w hich r a p id  and s u s ta in e d  
changes in  r e s p i r a to r y  a c t i v i t y  a r e  r a r e .
There a r e ,  how ever, a few c irc u m sta n c e s  in  w hich in c re a s e d  
r e s p i r a to r y  r a t e s  a re  found in  p l a n t s .  These in c re a s e d  r a te s  
in c lu d e  th e  s p e c ia l i s e d  p o l l i n a t in g  mechanism o f th e  A racacea , in  
w hich th e  r e s p i r a to r y  a c t i v i t y  o f m ito ch o n d ria  in  th e  sp a d ic e s  
in c r e a s e s ,  a lth o u g h  in  t h i s  p a r t i c u l a r  c a se  th e  m ito ch o n d ria  a re  
uncoupled  and energy i s  n o t conserved  a s  ATP b u t i s  d is s ip a te d  a s  
h e a t  v ia  th e  c y a n id e - in s e n s i t iv e  pathway (James and E l l i o t ,  19555 
R a c k e t t , 1957)*
The main ra p id  and t r a n s i e n t  in c re a s e  in  r e s p i r a t i o n ,  
how ever, i s  found in  c l im a c te r ic  f r u i t ,  where th e  in c re a s e  in  
r e s p i r a t io n  in  some f r u i t ,  such  a s  th e  b r e a d f r u i t  from  South  America, 
can exceed 170ml CO^/kg/hj in  com parison , th e  tom ato  produces 
20~30ml C O ^/kg/h. W)iat i s  th e  p h y s io lo g ic a l  s ig n i f i c a n c e  o f t h i s
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b u r s t  o f carbon  d io x id e  and what i s  i t s  r e l a t i o n s h ip  to  o th e r  
b io c h em ic a l e v e n ts  a s s o c ia te d  w ith  r ip e n in g ?  The answ er to  th e  
f i r s t  p a r t  o f  th e  q u e s tio n  i s  th a t  a l th o u g h  lo g i c a l  s u g g e s tio n s  
abound; th e  d e f i n i t i v e  answ er i s  s t i l l  n o t known. The r e s p i r a t o r y  
b u r s t  i s  used  as  a co n v en ien t m arker to  d e f in e  th e  change betw een 
m a tu r i ty  and r ip e n e s s  in  c l im a c te r ic  f r u i t  and i s  a s s o c ia te d  w ith  
th e  a u t o c a t a ly t i c  p ro d u c tio n  o f e th y le n e .  In  many f r u i t s ,  such  a s  
th e  banana and avocado c v . c h o q u e tte , th e  s y n th e s is  o f  e th y le n e  
p reced es  th e  r e s p i r a t o r y  b u r s t  (Burg and B urg , 1962;), w h ile  in  
th e  avocado c v . f u e r t e  and tom ato c v . R u tg e rs , e th y le n e  s y n th e s is  
fo llo w s  th e  r e s p i r a to r y  b u r s t  (K osiyach iada  and Young, 1975î 
M iz rah i e t  a l . ,  1975) .  In  th e  ca se  o f  a p p le  Cox Orange P ip p in  and 
th e  musk melon C an ta lo u p e , b o th  peaks c o in c id e  (Rliodes and R eid , 1975» 
Lyons e t  a l . ,  1962) .  I t  can be deduced from  t h i s  t h a t  e th y le n e  
canno t be th e  on ly  f a c t o r  in v o lv ed  in  th e  r e g u la t io n  o f th e  
r e s p i r a to r y  b u r s t .
The banana i s  a f r u i t  t h a t  has been  e x te n s iv e ly  
in v e s t ig a te d  b io c h e m ic a lly . D uring th e  r e s p i r a t o r y  b u r s t ,  la rg e  
q u a n t i t i e s  o f  s ta r c h  (20-30^ o f th e  f r e s h  w e ig h t) a r e  h y d ro ly sed  
and s im ple  su g a rs  in c re a s e  from 1 to  14-15^* Young e t  a l . (1975) 
a ssay ed  g ly c o ly t i c  in te rm e d ia te s  and enzymes a t  seven  s ta g e s  d u rin g  
th e  r e s p i r a to r y  c l im a c te r ic .  T h e ir  d a ta  in d ic a te d  t h a t  f r u c to s e  
6 - phosphate  and g lu c o se  6 - phosphate were h ig h  in  g re e n  f r u i t  and 
changed l i t t l e  d u rin g  r ip e n in g .  However, f r u c to s e  1, 6 -d ip h o sp h a te  
in c re a se d  9-P oId  d u rin g  th e  e a r ly  c l im a c te r ic  and 2 0 - fo ld  a t  th e  
peak . A c ro s s -o v e r  p lo t  re v e a le d  a la rg e  c ro s s -o v e r  v a lu e  betw een 
f ru c to s e  6 - phosphate  and f ru c to s e  1, 6 -d ip h o sp h a te , in d i c a t in g  a 
re g u la to ry  s i t e  a t  p h o sp h o fru c to k in a se *
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In  t h i s  s tu d y  i t  has  been  im p o ss ib le  to  m easure 
r e s p i r a to r y  r a t e s  d u r in g  th e  whole f r u i t  ex perim en ts  a s  th e  r e s u l t s  
would have been  m e an in g le ss  in  th e  atm osphere in  which th e  f r u i t  
were s to r e d .  However, s in c e  th e  r i s e  in  e th y le n e  c o n c e n tr a t io n  was 
m on ito red  and i t  i s  known th a t  t h i s  r i s e  c lo s e ly  fo llo w s  th e  
r e s p i r a t o r y  r i s e ,  i t  i s  re a so n a b le  to  d is c u s s  th e  two to g e th e r .
D ata from  b o th  th e  s to r a g e  and e th y len e -su p p le m en te d  
experim en ts  show c o n c lu s iv e ly  t h a t  m ajor changes in  s p e c i f i c  
a c t i v i t y  o f s e v e r a l  c i t r i c  a c id  c y c le  and r e l a t e d  enzymes o ccu rred  
b e fo re  e th y le n e  co u ld  be  d e te c te d .  The p re sen ce  o f e th y le n e  made 
no s i g n i f i c a n t  d i f f e r e n c e  to  th e  o v e r a l l  change in  s p e c i f i c  
a c t i v i t i e s  o f  c i t r a t e  sy n th a se  and m a la te  dehydrogenase , and 
s im i l a r  changes in  th e  s p e c i f i c  a c t i v i t y  o f th e s e  enzymes were 
ob served  i f  f r u i t  w ere a llo w ed  to  r ip e n  n a t u r a l l y  on th e  v in e .
T h is  f in d in g  i s  s i g n i f i c a n t ,  s in c e  i t  s t r e n g th e n s  th e  argum ent t h a t  
r ip e n in g  o f c l im a c te r ic  f r u i t  i s  n o t a s e r i e s  o f  in te rd e p e n d e n t 
p ro c e sse s  o c c u rr in g  s im u lta n e o u s ly , i n i t i a t e d  by th e  o n se t o f 
e th y le n e  s y n th e s i s .
I t  i s  p o s s ib le  to  s p e c u la te  t h a t  th e  so u rce  o f 
r e s p i r a t o r y  CO  ^ i s  m a la te ,  s in c e  th e  s p e c i f i c  a c t i v i t y  o f 
NADP-dependent m a lic  enzyme in c re a s e d  by 400^ d u rin g  t h i s  p e r io d .  
The 'm a la te ' e f f e c t  i s  w e ll docum ented f o r  malus s p e c ie s  (D rouet 
and H artm ann, 1 977) .  The f a l l  in  th e  s p e c i f i c  a c t i v i t y  o f c i t r a t e  
sy n th a se  and m ala te  dehydrogenase c o in c id e s  w ith  th e  maximum 
in c re a s e  in  g lu c o se  and f r u c to s e  c o n c e n tra t io n ,  s u g g e s tin g  th a t  
n e i th e r  a re  m ajo r g ly c o ly t i c  s u b s t r a t e s  a t  t h i s  tim e .
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In  com plete  c o n t r a s t  to  th e  fo re g o in g , a r e  th o s e  a s p e c ts  
o f r ip e n in g  such  a s  th e  ap p ea ran ce  o f ly c o p en e , p o ly g a la c tu ro n a se  
and th e  in c re a s e  in  in v e r ta s e  a c t i v i t y ,  w hich a r e  dependent on 
e th y le n e  f o r  i n i t i a t i o n  and co n tin u a n c e  o f  re sp o n se . T here i s  a 
v e ry  low c o r r e l a t i o n  betw een a c id  in v e r t a s e  a c t i v i t y  and 
m onosaccharide c o n c e n tr a t io n  and i t  i s  e v id e n t t h a t  t h i s  enzyme 
does n o t c o n t r ib u te  to  g lu c o se  and f r u c to s e  p ro d u c tio n  d u r in g  s t a r c h  
h y d ro ly s is ;  how ever, i t  may be re q u ire d  f o r  th e  h y d ro ly s is  o f  c e l l  
w a ll lin k a g e s  s in c e  i t  in c re a s e s  in  a c t i v i t y  c o n c u r re n t ly  w ith  
p o ly g a la c tu ro n a s e .  The lo s s  o f  c h lo ro p h y ll  occu rs  s lo w ly  when f r u i t  
a r e  removed from  th e  v in e  and i s  a p p a re n t ly  n o t dependent on th e  
p re sen ce  o f  e th y le n e , a l th o u g h  th e  p re sen ce  o f th e  gas ap p e a rs  to  
enhance th e  r a t e  o f l o s s .
The d a ta  from  th e  whole f r u i t  exp erim en ts  in d ic a te  t h a t  
th r e e  c a te g o r ie s  o f b io c h e m ic a l changes can b e  fo rm u la te d ;
1 . Changes in  th e  s p e c i f i c  a c t i v i t i e s  o f c i t r a t e  s y n th a s e , m a la te  
dehydrogenase and NADP-dependent m a lic  enzyme w ith  co ncom itan t 
changes in  c i t r a t e  and m a la te  m e tabo lism , and m etabo lism  o f 
s t a r c h  to  eq u a l q u a n t i t i e s  o f g lu c o se  and f r u c to s e .  These 
changes occur im m ed ia te ly  th e  f r u i t  a r e  removed from th e  v in e  
a t  th e  m ature g reen  s t a g e .  They a re  n o t i n i t i a t e d  o r 
s t im u la te d  by e th y le n e  and th e y  do n o t r e ly  on c e l l  w a ll 
breakdown by p o ly g a la c tu ro n a s e .
2 . Loss o f c h lo ro p h y l l ,  w hich occu rs  s lo w ly  when f r u i t  a re  
removed from th e  v in e  b u t w ith o u t th e  changes m entioned in  
c a te g o ry  3 . T h is p ro c e ss  i s  enhanced by e th y le n e .
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3 . The s y n th e s is  o f  lycopene and p o ly g a la c tu ro n a s e , coup led  w ith  
th e  in c re a s e  in  s p e c i f i c  a c t i v i t y  o f a c id  in v e r t a s e ,  a l l  o f 
w hich ap p ea r to  depend on e th y le n e  f o r  i n i t i a t i o n  and 
c o n t in u a tio n  o f re s p o n s e .
The b io c h em ic a l changes d e s c r ib e d  above f o r  m ature g reen  
S o n a tin e , occur to  a s im i la r  o r  l e s s e r  e x te n t  in  th e  c u l t i v a r s  
S a rln a  \ and M arathon. When th e  same c r i t e r i a  a r e  a p p l ie d  to  th e  r i n  
m u tan t, how ever, d i s t i n c t  d i f f e r e n c e s  in  o rg a n ic  a c id  m etabolism  
become e v id e n t .  The most obvious d i f f e r e n c e  i s  th e  co n tin u ed  
in c re a s e  in  s p e c i f i c  a c t i v i t y  o f c i t r a t e  sy n th a s e  from  th e  m atu re  to  
th e  r ip e  s t a t e  and th e  m odest f a l l  in  s p e c i f i c  a c t i v i t y  o f m a la te  
dehydrogenase compared to  norm al f r u i t  d u r in g  th e  same p e r io d .  
A lthough  only  two d e te rm in a tio n s  w ere made f o r  NADP-dependent m a lic  
enzyme, th e  r e s u l t s  w ere i d e n t i c a l  and showed no change in  s p e c i f i c  
a c t i v i t y  betw een th e  m ature and r ip e  s t a t e  b u t a 40^  in c re a s e  
betw een th e  immature and r ip e  s t a t e s .  D e sp ite  th e  la rg e  d i f f e r e n c e s  
in  o rg an ic  a c id  m etabolism  shown by th e  norm al and r i n  f r u i t ,
S i s l e r  (1982) has d em o n stra ted  t h a t  th e  t i s s u e  in c o rp o ra t io n  o f 
e th y le n e  i s  very  s im i la r  in  b o th .  I t  i s  th e r e f o r e  p ro b ab le  t h a t  
e th y le n e  b in d s  e q u a lly  w e ll to  i t s  r e c e p to r  in  norm al and r i n  f r u i t ,  
b u t t h a t  a subseq u en t s te p  in  e th y le n e  m etabo lism  i s  b lo ck ed  in  th e  
m u ta n t. A l te r n a t iv e ly ,  i t  may mean th a t  th e  m easured t i s s u e  
in c o rp o ra t io n  i s  o f no s ig n i f ic a n c e  to  th e  mode o f a c t io n  o f 
e th y le n e .  In  term s o f th e  r e s p i r a to r y  c l im a c te r ic  and e th y le n e  
a u to c a ta ly s i s ,  th e  r i n  has been  c l a s s i f i e d  a s  a n o n -c lim a c te r ic  
f r u i t  (T ig c h e la a r  e t  e l . ,  1978 ). I t  i s  i n t e r e s t i n g ,  th e r e f o r e ,  
th a t  the  tre n d  in  s p e c i f i c  a c t i v i t y  o f c i t r a t e  sy n th a s e  i s  s im i la r
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to  t h a t  found in  th e  ju ic e  v e s ic l e s  o f  th e  n o n -c l im a c te r ic  f r u i t  
satsum a m andarin and sw eet lim e , a lth o u g h  th e s e  showed a r i s e  in  
m a la te  dehydrogenase a c t i v i t y  (H ira i  and Ueno, 1 9 7 7 ). L i t t l e  
change o ccu rred  in  th e  a c t i v i t y  o f  NALP-dependent m a lic  enzyme 
th ro u g h o u t th e  r ip e n in g  p e r io d .  However, d u r in g  th e  p e r io d  o f 
c i t r i c  a c id  in c re a s e ,  th e r e  was a d o u b lin g  in  th e  a c t i v i t y  o f NADP- 
dependent m a lic  enzyme, w h ile  a t  th e  same tim e th e  a c t i v i t i e s  o f 
c i t r a t e  sy n th a se  and m a la te  dehydrogenase d id  n o t ch an g e . A lthough  
c i t r a t e  s y n th a s e , m a la te  dehydrogenase and NAD-dependent i s o c i t r a t e  
dehydrogenase a c t i v i t i e s  in c re a s e d  6 - f o ld ,  9 - f o ld  and 5 - fo ld  
r e s p e c t iv e ly  betw een m id-A ugust and m id -O ctober, th e r e  was no 
in c re a s e  in  r e s p i r a to r y  a c t i v i t y ;  in d e e d , from  th e  b e g in n in g  o f 
O ctober th e  r e s p i r a to r y  a c t i v i t y  d e c l in e d .  The r i n  r e s u l t s  and th e  
d a ta  from  m andarin  and sw eet lim e em phasise th e  d i f f e r e n c e  betw een 
c l im a c te r ic  and n o n -c l im a c te r ic  f r u i t ,  b u t  th e y  a l s o  g iv e  added 
im petus to  th e  argum ent t h a t  00^ e v o lu tio n  v ia  NADP-dependent m a lic  
enzyme may be common to  b o th  ty p e s  o f f r u i t ,  as  th e  p e r io d  o f 
in c re a s e  in  NADP-dependent m a lic  enzyme in  satsum a and sw eet lim e 
c o in c id e d  w ith  th e  ( a lb e i t  sm a ll)  in c re a s e  in  r e s p i r a t i o n .
P r a t t  and Workman ( 196I )  were a b le  to  advance th e  s t a r t  
and in c re a s e  th e  c o n c e n tra t io n  o f  CO  ^ ev o lved  d u rin g  th e  c l im a c te r ic  
in  tom ato  f r u i t  c v . Improved P e a rso n . T h e ir  e x p e rim e n ta l tre a tm e n t 
in v o lv ed  p a s s in g  e th y le n e  a t  lOOOppm ov er s to r e d  f r u i t  f o r  seven  
d a y s . The c o n c e n tra t io n  o f e th y le n e  used  was co m p le te ly  non - 
p h y s io lo g ic a l ,  and i t  i s  now known th a t  tom ato  f r u i t  m e ta b o lise  
e th y le n e  (Blomstrom and B eyer, I 98O ). A part from e th y le n e  ox ide and 
e th y le n e  g ly c o l ,  th e  main o x id a tio n  p ro d u c t o f e th y le n e  m etabo lism  
is  CO  ^ (Beyer, I 98I ) .
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C i t r a t e  Synthase  and M alate  Dehydrogenase
The th e rm al d é n a tu ra t io n  s tu d ie s  on p u r i f i e d  c i t r a t e  sy n th a se  
su g g e s te d  th a t  on ly  one enzymic form  was lo c a te d  in  th e  c e l l . 
A lthough n o t c o n c lu s iv e , th e  la c k  o f a h ip h a s ic  d é n a tu ra t io n  cu rve  
i s  s t ro n g  ev idence  th a t  isoenzym es a r e  n o t p r e s e n t .  I t  i s  most 
u n l ik e ly  th a t  m u l t ip le  form s were p re s e n t  in  th e  c ru d e  e x t r a c t ,  a s  
on ly  one peak o f  c i t r a t e  sy n th a se  a c t i v i t y  was d e te c te d  a t  each  
s ta g e  o f p u r i f i c a t i o n .  S u p p o rtin g  ev id en ce  f o r  a s in g le  enzymic 
form  comes from  Z e h le r  e t  a l . (1984) who have shown th a t  th e  
g lyoxysom al and m ito c h o n d r ia l  isoenzym es o f  c i t r a t e  sy n th a se  from  
R ic in u s  communis have d i f f e r e n t  i n a c t iv a t io n  te m p e ra tu re s . The 
m ito c h o n d r ia l enzyme l o s t  h a l f  i t s  a c t i v i t y  w ith in  lOmin a t  45 
w hereas th e  g lyoxysom al form  was co m p le te ly  s t a b l e  a t  47°C .
C i t r a t e  sy n th a se  from  L . escu len tum  c lo s e ly  resem b les  in  
i t s  p h y s ic a l and chem ica l c h a r a c t e r i s t i c s ,  th e  enzyme from  s e v e r a l  
o th e r  e u k a ry o tic  s o u rc e s .  I t  i s  a 's m a l l '  enzyme, a lm o st c e r t a in l y  
d im eric  in  s t r u c t u r e ,  th e  s u b - u n i ts  b e in g  o f eq u a l s i z e .  In  common 
w ith  many o th e r  p la n t  and s e v e r a l  b a c t e r i a l  c i t r a t e  sy n th a se s  i t  i s  
in a c t iv a te d  by DTNB, A lthough  th e  c o n c e n tra t io n  o f  DTNB used  cou ld  
be  co n s id e re d  h ig h  (5mM), th e  same c o n c e n tr a t io n  had no e f f e c t  on 
th e  p ig  h e a r t  enzyme. The in a c t iv a t io n  was slow  f o r  a c o n s id e ra b le  
tim e and th e n , w ith in  a s h o r t  p e r io d , a lm o st t o t a l  in a c t iv a t io n  
o c c u rre d . T his su g g e s ts  slow  o x id a tio n  o f a c c e s s ib le  t h i o l  g roups 
g iv in g  a co n fo rm a tio n a l change, which in  tu r n  ex p o ses , and p e rm its  
th e  o x id a tio n  o f ,  an e s s e n t i a l  t h i o l  g ro u p . The f a c t  t h a t  th e  p ig  
h e a r t  enzyme i s  n o t s u s c e p t ib le  to  DTITB in a c t iv a t io n  presum ably 
means th a t  in  th e  norm al co n fo rm a tio n a l s t a t e  th e r e  a re  l e s s  exposed
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i n e s s e n t i a l  t h i o l  g roups*
In  agreem ent w ith  Brock and F le tc h e r  ( I 969) ,  no a c t iv a t io n  
o f  c i t r a t e  sy n th a se  by in d o le  a c e t i c  a c id  was d e te c te d .  T h is i s  
h a rd ly  s u r p r i s in g  s in c e ,  a s  S re re  (1972) has p o in te d  o u t,  i f  d i r e c t  
a c t i v a t io n  i s  im p lie d  r a th e r  th a n  some form  o f cascad e  sy stem , th e n  
th e  problem  o f th e  i n t r a c e l l u l a r  r a t i o  o f  hormone to  p r o te in  must be 
overcom e. At any g iv e n  tim e , th e  c o n c e n tra t io n  o f c i t r a t e  sy n th a se  
would p ro b ab ly  be  a minimum o f  100 tim es  t h a t  o f in d o le  a c e t i c  a c id .  
A lthough  S a r k is s ia n  (l9 7 0 ) c la im ed  t h a t  in d o le  a c e t i c  a c id  a c t u a l l y  
bound to  c i t r a t e  s y n th a s e , in c r e a s in g  i t s  s i z e ,  no d a ta  on t h i s  
s i z e  change were g iv e n .
NADH in h i b i t i o n  was n o t found w ith  th e  p u r i f i e d  c i t r a t e  
sy n th a s e , a lth o u g h  in  c ru d e  e x t r a c t s  in h i b i t i o n  was n o t i c e a b le ,  
t h i s  was a lm o st c e r t a in l y  due to  th e  p re se n c e  o f  m a la te  
dehydrogenase w hich le a d s  to  a lo s s  o f  o x a lo a c e ta te ,  one o f th e  
s u b s t r a te s  o f  th e  c i t r a t e  sy n th a se  r e a c t io n .  In  c o n t r a s t  to  th e  
f in d in g s  o f Sakamoto e t  a l . ( l9 7 0 ) ,  u s in g  c a s to r  bean  t i s s u e ,  no 
in h i b i t i o n  o f  c i t r a t e  s y n th a s e  by c i t r a t e  o r m a la te  was d e te c te d *
The p re p a ra t io n s  used  by Sakamoto e t  a l . ( 1970) were n o t pure and 
th e  c o n c e n tra t io n s  o f c i t r a t e  and m a la te  g iv in g  50^  in h i b i t i o n  w ere 
ex trem ely  h ig h ; th e  Ki f o r  c i t r a t e  was 20mM and th a t  f o r  m a la te  was 
84mM. The Km v a lu e s  o f  th e  enzyme f o r  acety l-C oA  and o x a lo a c e ta te  
a re  30pm and 8^m r e s p e c t iv e ly ,  any in h i b i t i o n  by c i t r a t e  o r  m a la te  
th e r e f o r e ,  would a lm ost c e r t a in l y  be n o n -p h y s io lo g ic a l .
V i r tu a l ly  no p r o te c t io n  a g a in s t  th e rm al d é n a tu ra t io n  was 
a f fo rd e d  by e i t h e r  c i t r a t e  o r i s o c i t r a t e ;  how ever, th e  p r o te c t io n
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a f fo rd e d  by th e  s u b s t r a t e  o x a lo a c e ta te  was a lm o st t o t a l  a t  low 
c o n c e n tra t io n .  S re re  (1972) proposed  t h a t  th e  b in d in g  o f 
o x a lo a c e ta te  to  th e  enzyme in d u ces  a c o n fo rm a tio n a l change which 
in c re a s e s  th e  s t a b i l i t y  o f  th e  enzyme and a id s  p ro to n  a b s t r a c t io n  
from  ace ty l-C o A , S re re  a l s o  exam ined th e  s t a b i l i t y  o f  th e  b in a ry  
complex o f p ig  h e a r t  c i t r a t e  sy n th a se  w ith  o x a lo a c e ta te  and found 
i t  s t a b l e  in  4M u r e a .
The c h a r a c te r i s a t io n  o f m a la te  dehydrogenase began  when i t  
became obvious t h a t  t h i s  enzyme was a m a jo r con tam inan t in  th e  
p u r i f i c a t i o n  o f c i t r a t e  s y n th a s e .  Two peaks o f m a la te  dehydrogenase 
a c t i v i t y  e lu te d  from  Gel Red A, one o f w hich was a s s o c ia te d  w ith  
c i t r a t e  sy n th a se  and i t  was p o s s ib le  t h a t  one o r  more isoenzym e o f  
m a la te  dehydrogenase c o - p u r i f i e d  w ith  c i t r a t e  s y n th a s e .  The 
in v e s t ig a t io n  o f  m a la te  dehydrogenase isoenzym e p a t te r n  was a tte m p te d  
w ith  th e  aim o f d e te c t in g  any d i f f e r e n c e s  betw een th e  m ature g reen  
and re d  f r u i t  t h a t  would e x p la in  th e  f a l l  in  s p e c i f i c  a c t i v i t y .  
Isoenzym es a re  d e f in e d  a s  m u l t ip le  form s o f a  g iv e n  enzyme o c c u rr in g  
e i t h e r  in  a s in g le  in d iv id u a l  o r in  d i f f e r e n t  members o f  th e  same 
s p e c ie s .  Isoenzym es can a r i s e  in  th r e e  ways (H a rr is  and 
H opkinson, 1 9 76 ).
1 . Through m u l t ip le  gene lo c i  co d in g  f o r  d i s t i n c t  p o ly p e p tid e  
ch a in s  o f th e  enzyme.
2 . Through m u l tip le  a l l e l i s m  a t  a s in g le  lo c u s  d e te rm in in g  
s t r u c t u r a l l y  d i s t i n c t  v e r s io n s  o f  a p a r t i c u l a r  p o ly p e p tid e
• c h a in .
3 . Through p o s t - t r a n s l a t i o n a l  m o d if ic a t io n  o f enzyme s t r u c t u r e .
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Isoenzym es o f  m a la te  dehydrogenase , l i k e  th o s e  o f l a c t a t e  and a lc o h o l 
dehyd ro g en ase , have a r i s e n  th ro u g h  p o in t  m u ta tio n  o f m u l t ip le  gene 
c o p ie s .  The d e te c t io n  o f 4 isoenzym es o f m a la te  dehydrogenase from 
L . escu len tu m  c v . S o n a tin e  i s  in  agreem ent w ith  th e  work o f 
Hobson (1974) j who found 4 isoenzym es in  th e  c u l t i v e r  Amberlay C ross; 
one isoenzym e was th e  m ajo r s t a i n in g  band and th e r e  were 3 
c lo se ly -g ro u p e d  m inor s t a i n in g  b a n d s . The Gel Red A e lu t io n  p r o f i l e  
and th e  i s o e l e c t r i c  fo c u s s in g  s tu d ie s  on S o n a tin e  s u g g e s t t h a t  th e  
most a c id ic  isoenzym e o f m a la te  dehydrogenase may be a s s o c ia te d  w ith  
c i t r a t e  s y n th a s e .  However, i t  i s  anom alous t h a t  th e  e lu t io n  p r o f i l e  
from  Gel Red A on ly  in d ic a te d  2 peaks o f  m a la te  dehydrogenase 
a c t i v i t y ,  when th e r e  were o b v io u s ly  4 isoenzym es. A d d i t io n a l ly ,  a t  
l e a s t  a sm a ll p ro p o r tio n  o f th e  isoenzym e th a t  c o -e lu te d  w ith  
c i t r a t e  s y n th a se  m ust have been  e lu te d  w ith  th e  main peak o f  m a la te  
dehydrogenase a c t i v i t y .  T h is may r e f l e c t  th e  f a c t  t h a t  M atrez g e ls  
do n o t fu n c t io n  a s  t r u e  io n -e x c h a n g e rs . T here a r e  two p ie c e s  o f 
e v id en ce , how ever, which su g g e s t t h a t  th e  m ito c h o n d r ia l  isoenzym e 
p o sse sse s  p r o p e r t i e s  t h a t  d i s t i n g u i s h  i t  from  th e  c y to s o l ic  
isoenzym es :
1 . The isoenzym e t h a t  c o -e lu te d  w ith  c i t r a t e  sy n th a se  from  Gel
Red A bound to  a th io l - d i s u lp h id e  exchange column w ith
c i t r a t e  sy n th a se  and b o th  enzymes were e lu te d  w ith  30mM
d i t h i o t h r e i t o l .
2 . The m ito c h o n d r ia l  isoenzym e can be s e p a ra te d  from  th e  c y to s o l ic
form s by P e r c o l l  f r a c t i o n a t i o n .  The c y to s o l ic  isoenzym es can 
be s p e c i f i c a l l y  e lu te d  from G el Orange A by ImM m a la te  p lu s  
ImM MDH, w hereas th e  i d e n t i c a l  p ro ced u re  does n o t remove th e
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isoenzym e from P e r c o l l - p u r i f i e d  m ito c h o n d r ia . The 
m ito c h o n d r ia l isoenzym e cou ld  n o t he e lu te d  w ith  ImM 
o x a lo a c e ta te  p lu s  ImM HAD’*’ and was f i n a l l y  e lu te d  in  th e  
p re sen ce  o f  s a l t .
The homogeneous m a la te  dehydrogenase from  L . escu len tum  h as  an  o f 
76 ,000  and i s  a d im er c o n ta in in g  s u h - u n i t s  o f  s im i la r  s i z e .  T h is  
com pares w ith  an o f  76 ,000  f o r  th e  m ito c h o n d r ia l  enzyme from  th e  
c o ty le d o n s  o f  C i t r u l l i s  v u l g a r i s , w hich i s  a l s o  a  d im er c o n ta in in g  
s u b -u n i ts  o f  s im i la r  s iz e  (Walk e t  a l . ,  I 969 ) .
F r a c t io n a t io n  S tu d ie s
E v idence from  th e  s u b - c e l l u l a r  f r a c t i o n a t io n  ex p erim en ts  has 
e s ta b l i s h e d  u n e q u iv o c a lly  t h a t  o rg a n ic  a c id  m etabo lism  ta k e s  p la c e  
in  th e  m ito c h o n d r ia . There i s  no ev id en ce  to  su g g e s t t h a t  th e  
g ly o x y la te  c y c le  i s  o p e ra t iv e  in  m ature g re e n  o r  r ip e  tom ato  f r u i t ,  
a s  c i t r a t e  sy n th a se  was n o t found in  th e  m icrobody f r a c t i o n .  A ll  
th e  enzymes u n d er s tu d y  were e x c lu s iv e ly  m ito c h o n d r ia l  w ith  th e  
e x c e p tio n  o f  m a la te  dehydrogenase , which was lo c a te d  b o th  in  th e  
c y to s o l  and th e  m ito ch o n d ria  b u t was n o t d e te c te d  in  th e  m icrobody 
f r a c t i o n .
M itochondria  p u r i f i e d  from  tom ato  f r u i t  d u r in g  a l l  s ta g e s  
o f developm ent m a in ta in ed  t h e i r  i n t e g r i t y  ( in  te rm s o f enzyme 
la te n c y )  f o r  days r a th e r  th a n  h o u rs . I t  i s  h ig h ly  s i g n i f i c a n t  t h a t  
c i t r a t e  sy n th a se  a c t i v i t y  d im in ish ed  by l e s s  th a n  3^ from  PPM w hich 
had been  s to r e d  a t  4°C f o r  seven  d a y s . These m ito ch o n d ria  had been  
e x t ra c te d  from  m ature g reen  f r u i t ,  and in  a crude  i s o to n ic  s o lu t io n  
over th e  same t im e  p e r i o d ,  th e  s p e c i f i c  a c t i v i t y  o f c i t r a t e
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sy n th a se  would have f a l l e n  by 50%» T h is  su g g e s ts  t h a t  th e  complex 
in t e r a c t io n s  in v o lv ed  in  th e  lo s s  o f enzymic a c t i v i t y  a r e  b roken  
when th e  m ito ch o n d ria  a r e  removed from th e  c e l l ,  and f u r t h e r  
su g g e s ts  t h a t  th e  mechanism o f lo s s  i s  m ed iated  o th e r  th a n  by 
m ito c h o n d r ia l  d e g ra d a t io n .
The f r a c t i o n a t io n  s tu d ie s  on th r e e  d i f f e r e n t  c u l t i v a r s  
c o r ro b o ra te d  th e  e a r l i e r  r e s u l t s  o b ta in e d  from th e  whole f r u i t
e x p e rim en ts , and th e  problem s o f  f r a c t i o n a t in g  re d  f r u i t  were
overcome u s in g  th e  s to r a g e  f a c i l i t i e s .  The r e s u l t s  h ig h l ig h te d  an  
a p p a re n t d i f f e r e n c e  betw een m ature and im m ature f r u i t .  C i t r a t e  
sy n th a s e , m a la te  d ehyd rogenase , HAD-dependent i s o c i t r a t e  
dehydrogenase and HAD-dependent m a lic  enzyme e x t r a c te d  from  th e  
m ito ch o n d ria  o f  m atu re  g reen  f r u i t  e x h ib i te d  n o t o n ly  a f a l l  in  
a c t i v i t y  b u t  a l s o  a f a l l  in  s p e c i f i c  a c t i v i t y ,  w hich , in  th e  ca se  o f
S a r in a ÿ , was a p p ro x im a te ly  65^  o f  th e  s t a r t i n g  v a lu e .  When th e  same
enzymes were e x t r a c te d  from  th e  m ito c h o n d ria  o f  m atu re  g re e n  M arathon 
t h a t  had been  s to r e d  in  th e  m o d ified  gas a tm o sp h ere , th e  f a l l  in  
s p e c i f i c  a c t i v i t y  was and h e re ,  as in  th e  w hole f r u i t  
e x p e rim en ts , th e  s p e c i f i c  a c t i v i t y  was m a in ta in e d  a t  t h i s  new low er 
l e v e l .  However, th e  enzymes e x t r a c te d  from  th e  m ito ch o n d ria  o f 
im mature M arathon s to r e d  a t  am bien t te m p e ra tu re  d is p la y e d  a 50^  f a l l  
in  a c t i v i t y  b u t v i r t u a l l y  no change in  s p e c i f i c  a c t i v i t y .  To v e r i f y  
t h i s  r e s u l t ,  a c o n s ta n t  a c t i v i t y  o f  40 u n i t s  o f c i t r a t e  sy n th a se  was 
loaded  a t  each e x t r a c t io n  on to  th e  P e r c o l l  g r a d ie n t ,  r a th e r  th a n  a 
c o n s ta n t volume o f  c rude  resu sp en d ed  m ito c h o n d r ia . In  b o th  c a se s  
th e  answ er was i d e n t i c a l :  a f a l l  in  a c t i v i t y  p e r gram o f f r e s h
w eigh t b u t no f a l l  in  s p e c i f i c  a c t i v i t y .
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In  sanuuary, th e  d a ta  from th e  whole f r u i t  ex p e rim en ts , 
su p p o rted  by th e  f in d in g s  o f th e  f r a c t i o n a t io n  s tu d ie s ,  in d ic a te  a 
d e c l in e  in  s p e c i f i c  a c t i v i t y  o f a l l  enzymes o f th e  c i t r i c  a c id  c y c le  
t h a t  were in v e s t ig a te d  d u rin g  tom ato  f r u i t  r ip e n in g .  T here ap p e a r  
to  be two mechanisms in v o lv e d :
1 . In  immature f r u i t  th e re  i s  a r e d u c t io n  in  a c t i v i t y / g  f r e s h  wt 
o f  c i t r a t e  sy n th a se  and m a la te  dehydrogenase b u t l i t t l e  change 
in  s p e c i f i c  a c t i v i t y .
2 . In  r ip e n in g  f r u i t  t h a t  a re  p ick ed  a t  th e  m ature g reen  s ta g e ,  
th e r e  i s  a r e d u c t io n  in  s p e c i f i c  a c t i v i t y  in  a d d i t io n  to  a 
r e d u c t io n /g  f r e s h  w t .
T h is  change in  s p e c i f i c  a c t i v i t y  o ccu rs  (a )  i f  th e  f r u i t  a re  s to r e d  
in  a m od ified  gas a tm o sp h ere , (b) i f  th e  f r u i t  a r e  s to r e d  in  am bien t 
c o n d it io n s  o r  (c ) i f  th e  f r u i t  a r e  a llo w ed  to  r ip e n  n o rm a lly  on th e  
v in e .  D uring th e  p e r io d  o f re d u c t io n  in  s p e c i f i c  a c t i v i t i e s ,  th e r e  
i s  a r a p id  in c re a s e  in  th e  s p e c i f i c  a c t i v i t y  o f NADP-dependent m alic  
enzyme ( f r u i t  s to r e d  in  th e  gas a tm osphere) and an  in c re a s e  in  th e  
c o n c e n tra t io n  o f g lu c o se  and f r u c to s e ,  and i t  i s  n o t u n t i l  th e se  
changes have o ccu rred  t h a t  e th y le n e  can be  d e te c te d o
The q u e s tio n s  now a r i s e :  what mechanisms m ight be
re s p o n s ib le  f o r  what ap p ea rs  i n i t i a l l y  to  be a form o f  c o a rs e  c o n t ro l  
o f th e se  enzymes, and what would be th e  fu n c tio n  o f  such  a c o n t ro l?
I t  i s  c o n s id e ra b ly  e a s i e r  to  fo rm u la te  a h y p o th e s is  to  e x p la in  th e  
l a t t e r  q u e s tio n , which i s  in t im a te ly  in v o lv e d  w ith  th e  phenomenon 
o f se n e sc e n c e . I t  i s  p o s s ib le  to  eq u a te  th e  te rras m a tu ra tio n  and 
r ip e n e s s  w ith  a g e in g  and sen escen ce  when d is c u s s in g  th e  o v e r a l l  
l i f e s p a n  o f tom ato f r u i t ,  a s  a g e in g  r e f e r s  to  th e  a c q u i s i t i o n  o f
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m a tu r ity  w ith  th e  passage  o f tim e , w h ile  r ip e n e s s ,  a lth o u g h  n o rm ally  
a s s o c ia te d  w ith  p le a s a n t  t a c t i l e  and se n so ry  e x p e r ie n c e , i s  in  f a c t  
synonymous w ith  d e t e r io r a t i v e  and s e n e s c e n t p ro c e s s e s .  W ith in  th e  
p la n t  kingdom th e re  a r e  numerous exam ples o f a p p a re n t programmed 
sen escen ce  (L eopold , I 980) . Prom inent am ongst th e se  i s  th e  
synchronous d e a th  o f  th e  an n u a l c e r e a l s .  These p la n ts  a r e  s a id  to  
show a lo s s  o f s u rv iv o r s h ip  hy sen escen ce  and i t  i s  assumed t h a t  th e re  
i s  a form o f tem p o ra l g e n e t ic  mechanism w hich i s  re s p o n s ib le  f o r  th e  
phenomenon. W ith in  a s p e c ie s ,  c l im a c te r ic  f r u i t  m a n ife s t s im i la r  
s u rv iv o r s h ip  c u rv e s , i l l u s t r a t e d  by th e  synchronous sen escen ce  o f  many 
f r u i t .  The s ig n a l  f o r  th e  i n i t i a t i o n  o f  th e  p ro cess  i s  n o t known b u t 
i t  i s  n o rm ally  c lo s e ly  a s s o c ia te d  w ith  th e  r e s p i r a t o r y  r i s e  o r  th e  
a u to c a ta ly s i s  o f  e th y le n e .  P h y s io lo g ic a l ly ,  i t  makes se n se  to  sh u t 
down c e n t r a l  m etabo lism  once th e  p ro c e s s  o f  sen escen ce  has  begun a s ,  
a p a r t  from a few s p e c ia l i s e d  p r o te in s ,  en erg y  i s  n o t r e q u ir e d  f o r  as  
many b io s y n th e t ic  p u rp o se s . The d a ta  p re se n te d  in  t h i s  t h e s i s  
su g g e s t th a t  t h i s  may happen in  th e  ca se  o f  tom ato f r u i t ,  where th e  
s p e c i f i c  a c t i v i t i e s  o f s e v e r a l  o f th e  c i t r i c  a c id  c y c le  enzymes f a l l  
to  ap p ro x im ate ly  40^ o f t h e i r  p r e - c l im a c te r i c  v a lu e s .  T his 
phenomenon may prove to  be  an  e a r ly  symptom o f programmed sen escen ce . 
The p o s s ib le  mechanisms in v o lv ed  can now be d is c u s s e d ,
(a) S ince  s im i la r  r e s u l t s  in  te rm s o f enzyme a c t i v i t y  a re  o b ta in e d  
e i t h e r  by rem oving m ature g re e n  f r u i t  from th e  v in e  o r  a llo w in g  
them to  r ip e n  n o rm ally  on th e  v in e , i t  i s  p o s s ib le  t h a t  an 
operon-based  system  may be in v o lv e d  and th a t  th e  d e re p re s s o r  i s  
s u p p lie d  v ia  th e  p la n t .  Removal o f f r u i t  from th e  v in e ,  o r th e  
fo rm atio n  o f an a b s c is s io n  la y e r  w ith in  th e  p e t io l e ,  would
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e f f e c t iv e l y  remove th e  flow  o f t h i s  com pound(s) to  th e  f r u i t .
The problem  w ith  t h i s  h y p o th e s is  i s  t h a t  i t  im p lie s  a ra p id  
tu rn o v e r  r a t e  f o r  th e se  enzym es, as 50 -60^  o f  a c t i v i t y  i s  l o s t  
w ith in  72h. However, as  shown in  t h i s  t h e s i s ,  i f  m ito ch o n d ria  
a r e  p u r i f ie d  by P e rc o l l  f r a c t i o n a t io n  and s to r e d  a t  4°C f o r  a 
week, very  l i t t l e  a c t i v i t y  i s  l o s t .  The im p lic a t io n  i s  t h a t  in  
a d d i t io n  to  th e  c e s s a t io n  o f enzyme s y n th e s i s ,  th e r e  i s  th e  
i n i t i a t i o n  o f a d is c r im in a to ry  d e g ra d a tiv e  m echanism . T h is 
l a t t e r  mechanism i s  o b v io u s ly  a b s e n t in  im m ature f r u i t .
Immature f r u i t  c o n ta in  ap p ro x im a te ly  tw ic e  th e  amount o f 
p r o te in /g  f r e s h  wt o f  m ature f r u i t  and rem oval from  th e  v in e  
e i t h e r  h a l t s  com p le te ly  o r  s e r io u s ly  d i s r u p ts  p r o te in  s y n th e s i s .  
In  immature f r u i t  removed from  th e  v in e ,  th e  a c t i v i t i e s  o f 
c i t r a t e  sy n th a se  and m a la te  dehydrogenase f a l l  s lo w ly  f o r  
s e v e r a l  w eeks. However, i t  i s  p ro b a b le  t h a t  th e  norm al tu rn o v e r  
mechanism i s  o p e ra t iv e ,  a s  th e r e  i s  a c o rre sp o n d in g  slow  lo s s  o f 
p r o te in ,  w ith  th e  n e t  r e s u l t  t h a t  th e r e  i s  l i t t l e  change in  
s p e c i f i c  a c t i v i t y .
(b) An in t e r e s t i n g  p o in t i l l u s t r a t e d  by th e  d a ta  i s  th e  e x te n t  o f 
th e  f a l l  in  s p e c i f i c  a c t i v i t i e s  o f th e s e  enzym es. These v a lu e s  
do n o t d rop  to  ze ro  b u t s t a b i l i s e  a t  ap p ro x im a te ly  60^ below 
th e  s t a r t i n g  v a lu e s .  I t  i s  p o s s ib le ,  t h a t  t h i s  co u ld  be 
accoun ted  f o r  by p o s t - t r a n s l a t i o n a l  m o d if ic a t io n .  M o d if ic a tio n  
system s a re  w e ll known e .g .  a d e n y ly la t io n ,  u r id y l y l a t i o n ,  
p h o sp h o ry la tio n  and t h i o l  m o d if ic a t io n ;  how ever, any system  would 
in v o lv e  some form o f t r i g g e r  mechanism such  t h a t ,  a s  th e  f r u i t  
r ip e n ,  th e  enzymes would be m o d ified  to  40^ e f f i c i e n c y .  An
169
a l t e r n a t i v e  p ro p o sa l i s  th a t  th e se  enzymes a r e  coded on 
m u l t ip le  gene c o p ie s  and th a t  60^ o f  th e  genes a re  sw itch ed  o f f .  
T h is  argum ent i s  te n a b le  i f  th e  s e l e c t i v e  d e g ra d a tiv e  mechanism 
d e s c r ib e d  in  (a )  i s  invoked , o r  i f  tu rn o v e r  i s  ex trem ely  r a p id .
(c )  A f u r th e r  p o s s i b i l i t y ,  and one th a t  can n o t b e  d is c o u n te d , i s  a 
lo s s  o f m ito c h o n d r ia . T h is argum ent i s  weakened by two p o in ts :
1 . The o b s e rv a tio n  th a t  i t  i s  n o t on ly  m ito c h o n d r ia l  enzymes 
t h a t  e x h ib i t  changes in  s p e c i f i c  a c t i v i t y  b u t  a l s o  c y to s o l ic  
m a la te  dehy d ro g en ase . 2 .  The w e ll e s ta b l i s h e d  f a c t  t h a t ,  in  many 
f r u i t ,  m ito ch o n d ria  rem ain  f u n c t io n a l ly  i n t a c t  lo n g  a f t e r  th e  
c l im a c te r ic  peak h as  o c c u rre d , and when d e g e n e ra tio n  has begun in  
a l l  o th e r  c e l l u l a r  o rg a n e l le s  (B ain and M ercer, I 964 ; Simpson 
e t  a l . ,  1976) .  How m ito c h o n d r ia l  i n t e g r i t y  i s  m a in ta in ed  a t  a 
tim e  when t o t a l  c a p a c ity  d rops to  low le v e l s  i s  n o t c l e a r  
(F re n k e l e t  a l . ,  I 968) ,  e s p e c ia l ly  s in c e  8 0 - 9 ^  o f m ito c h o n d r ia l  
p ro te in s  a re  n u c le a r  coded . O zelkok and Romani (1975) s tu d ie d  
th e  lo n g e v ity  o f m ito c h o n d ria  i s o l a t e d  from  p e a r  and avocado .
They m easured th e  c a p a c ity  o f m ito ch o n d ria  to  surv ive in  v i t r o  
by t h e i r  a b i l i t y  to  r e t a i n  r e s p i r a to r y  c o n t ro l  and th e y  
concluded  th a t  in  n e i th e r  t i s s u e  d id  th e  c a p a c ity  to  's u r v iv e ' 
a l t e r  d u rin g  r ip e n in g .  The d a ta  from  th e  p re s e n t  s tu d y  su p p o rt 
th e  f in d in g s  o f O zelkok and Romani ( l9 7 5 )*  In  term s o f enzyme 
la te n c y  and r e s p i r a to r y  c o n t ro l  th e r e  ap p ea red  to  be l i t t l e  
d i f f e r e n c e  betw een m ito ch o n d ria  e x t r a c te d  from  m atu re  g reen  and 
red  f r u i t .  I t  may w e ll be t h a t  th e  m a jo r i ty  o f  m ito c h o n d r ia l 
p ro te in s  have slow  tu rn o v e r  r a t e s  which would enhance th e  
lo n g e v ity  o f th e  o rg a n e l le s  in  th e se  c irc u m sta n c e s  and make th e  
s e l e c t i v e  d e g ra d a tiv e  mechanism more p la u s i b le .
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I t  would be q u i te  p o s s ib le  to  e x p lo re  a l l  th e  mechanisms d isc u sse d  
h e r e .  S u b s ta n t ia l  p u r i f i c a t i o n  o f th e  c i t r i c  a c id  c y c le  enzymes 
would be n e c e s s a ry . A n tib o d ie s  r a is e d  to  th e s e  enzymes cou ld  
su b se q u e n tly  be used  to  q u a n t ify  th e  amount o f enzyme p r o te in  p re s e n t  
a t  d i f f e r e n t  s ta g e s  o f  r ip e n in g .  T h is would a llo w  d e te rm in a tio n  o f 
th e se  enzyme l e v e l s  in d ep en d en t o f  a c t i v i t y  m easurem ents and may 
in d ic a te  w hether th e  enzymes a r e  i n h ib i t e d  by m o d if ic a t io n  o r 
p r o te o ly t i c  breakdow n. Enzyme l e v e l ,  how ever, i s  a b a la n c e  betw een 
tu rn o v e r  and de novo s y n th e s is  and a s h a rp  f a l l  co u ld  b e  acco u n ted  
f o r  by a d e c re a se  in  s y n th e s i s .  T h is  co u ld  be m easured u t i l i s i n g  
one o f th e  modern p r o te in  s y n th e s is in g  system s to  t r a n s l a t e  th e  
re q u ire d  mEHA, The p ro d u c ts  cou ld  th e n  b e  de te rm in ed  u s in g  
a n t ib o d ie s .
I f ,  a s  th e  d a ta  s u g g e s t ,  a  n o v e l form  o f  c o a rs e  c o n t ro l  o f 
th e  c i t r i c  a c id  c y c le  and r e l a t e d  enzymes occu rs  in  tom ato  f r u i t ,  i t  
can be d e sc r ib e d  a s  one o f  th e  e a r l i e s t  symptoms o f se n e sc e n c e . 
F u r th e r  e x p e r im e n ta tio n  i s  needed to g e th e r  w ith  s tu d ie s  on o th e r  
f r u i t ,  to  d e te rm in e  i f  t h i s  i s  a g e n e ra l  phenomenon. I f  t h i s  i s  
found to  be so , and , i f  th e  c o n t ro l  i s  m ed ia ted  th ro u g h  'te m p o ra l ' 
g en es , th e n  our u n d e rs ta n d in g  o f sen escen ce  in  p la n ts  w i l l  be 
enhanced . The f u tu r e  m a n ip u la tio n  o f such  a system  to  reduce  dark  
r e s p i r a t i o n  and th e re b y  p o s s ib ly  in c re a s e  c ro p  y ie ld  canno t be 
d is c o u n te d .
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